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PACIFIC GAS AND ELECTRIC COMPANY
2022 WILDFIRE MITIGATION PLAN
EXECUTIVE SUMMARY

A. Introduction

Our stand is that catastrophic wildfires shall stop. In 2021, we made significant
progress, but the wildfire risk continues to change and so our efforts must evolve also.
Our 2022 Wildfire Mitigation Plan (WMP) reflects our learnings, new ideas and feedback
from stakeholders including the Office of Energy Infrastructure Safety (Energy Safety),
the California Public Utilities Commission (CPUC or Commission), our Federal Monitor,
the Governor’s operational observer, and other engaged stakeholders. Our WMP
outlines our broad program to reduce wildfires, with many complementary parts that
work together to boldly address this risk.

In 2020 and 2021, California had its 5th and 2nd driest water years, respectively, in the

last century.1 Climate scientists at the University of California, Los Angeles recently
concluded that for the Western United States “2000-2021 [was] the driest 22-year
period since 800 A.D., which is as far as the data goes back.”2 PG&E'’s entire service
area experienced extreme and severe drought conditions through much of 2021 prior to
the rainstorms that occurred in the latter part of the year.

California experienced unprecedented increases in the wildfire risk as a result of
drought and the ongoing impacts of climate change. For example, on non-Red Flag
Warning (RFW)3 days in 2021, there was a more than 500 percent increase in acreage
burned, as compared to the average acreage in the prior four years. Simply put, the
wildfire threat is growing, and it is PG&E’s mission to reduce the risk of this threat to
keep our customers and communities safe. This means our programs must evolve
commensurate with the risks.

As outlined in this 2022 WMP, we are deploying a comprehensive and multi-faceted
wildfire safety strategy, utilizing programs and actions that have proven effective at
reducing wildfire risk and expanding innovative programs and actions initiated in prior
years, such as:

e« Moving Forward to Underground Powerlines and Harden Our System —
Aggressively moving forward with our program to underground 10,000 circuit miles
of distribution lines in High Fire Threat Districts (HFTD)—which effectively
eliminates the ignition risk for overhead lines that have been placed underground

1 Water years run from October 1 to September 30. See Water Year 2021: An Extreme
Year (ca.gov).

2 How Bad Is the Western Drought? Worst in 12 Centuries, Study Finds — The New York
Times (nytimes.com).

3 ARFW indicates a level of wildfire risk from weather conditions, as declared by the National
Weather Service.

-2-
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https://www.nytimes.com/2022/02/14/climate/western-drought-megadrought.html?referringSource=articleShare

and hardening additional miles with covered conductor or line removal using a
risk-ranked approach to prioritize work. We will be working closely with federal,
state and local agency partners, such as Cal Trans, as well as other stakeholders to
build strong relationships and coordinate efforts for this innovative and bold
program;

Expanding Enhanced Powerline Safety Settings (EPSS) to All Risk Areas —
Expanding the scope of EPSS, where we re-engineer electrical equipment settings
to rapidly, automatically shut off power if an object comes into contact with a
distribution line until we can patrol the line to ensure there is no wildfire ignition risk.
These safety settings resulted in an 80 percent reduction in ignitions compared to
the prior three-year average in our 2021 pilot program. In 2022, we will implement
EPSS on all of our distribution lines in HFTD areas and High Fire Risk Areas
(HFRA), as well as select non-HFTD areas that are adjacent to HFTD areas and
HFRA. Much like the work we have done to improve the PSPS program, we will
continue to adjust these safety settings, undertaking a more surgical approach to
only activate the settings in areas most at risk and to limit reliability impacts to our
customers;

Applying New Mitigation Technology — Deploying equipment to reduce the
potential for wildfire ignitions and mitigate wildfire impacts, such as Supervisory
Control and Data Acquisition (SCADA)-enabled automated sectionalizing devices,
single phase recloser sets, and advanced system sensors;

Continuing Aggressive Vegetation Management Practices — Continuing our
extensive vegetation management that is above and beyond regulatory
requirements, such as our Enhanced Vegetation Management (EVM) program;

Performing Enhanced Inspections and Risk Modelling — Conducting enhanced
detailed inspections (i.e., inspections that include significantly more detail than
traditional detailed inspections completed prior to 2020) of our facilities in HFTD
areas and deploying the most up to date risk modeling capabilities to support our
data-driven, risk-informed approach to wildfire mitigation;

Improving Situational Awareness — Maximizing the use of cameras and weather
stations to identify potential wildfire ignitions and risk and expand the situational
awareness capabilities of PG&E, the California Department of Forestry and Fire
Protection (CAL FIRE), first responders and the public; and,

Utilizing PSPS as a Final Safety Action — Continuing to implement as a measure
of last resort our data-driven, model-based Public Safety Power Shutoff (PSPS)
protocols that resulted in more targeted and smaller PSPS events in 2021.

As with the 2021 WMP, our 2022 WMP includes multiple short- and long-term actions
and programs critical to increasing safety and reducing risk. Thus, we carry forward our
strategy of deploying a series of integrated programs designed to flex and evolve to
meet the changing climate conditions and other learnings.

Below, we provide a summary of our WMP progress and additional steps taken in 2021,
an overview of our 2022 WMP, and a discussion of the challenges ahead.

-3-



B. Overview of 2021 WMP Progress

The 2021 WMP included 53 commitments focused on wildfire mitigation activities such
as risk modeling, system hardening, EVM, PSPS, and situational awareness. Despite
the challenges posed by the COVID-19 pandemic, our team, including both PG&E
coworkers and our contractor partners, was able to complete all of the commitments by
year end 2021 and exceeded unit targets in a number of cases. From a timing
perspective, 50 of the commitments were completed by the initial target date specified
in the 2021 WMP. The remaining 3 commitments were completed later than the target
date included in the 2021 WMP but were completed by the end of 2021. Our

53 commitments included a comprehensive set of wildfire mitigation programs
developed to holistically address wildfire risks, as reflected in Figure PG&E-ES-1 below:

FIGURE PG&E-ES-1:
2021 WMP COMMITMENTS

In addition, many of our quantitative commitments were exceeded as shown in
Figure PG&E-ES-2 below:



FIGURE PG&E-ES-2:
KEY QUANTITATIVE COMMITMENT RESULTS

Note: We did not perform four miles of the infrared inspections of transmission electric lines due to the lines
being de-energized at the planned time of inspection and not being re-energized until 2022. By the end
of 2021, we had completed the 4,211 miles that were energized.

We also implemented improvements to our risk modeling and risk-informed planning,
including:

e Deploying significant improvements in our risk modeling capabilities to inform our
workplans on programs such as system hardening and EVM,;

o Prioritizing risk-ranked repairs by evaluating maintenance tags using factors such
as wildfire ignition likelihood and consequences and achieving a risk score
reduction of 62 percent by the end of 2021 as a result of successful tag execution.

e Increasing the granularity of mitigation initiatives and corresponding Risk Spend
Efficiency (RSE) scores so that we can provide the greater risk reduction for every
customer dollar invested; and,

e Continuing to reduce the number of customers impacted by PSPS events, as we
implemented enhanced PSPS protocols and modeling.

We also improved our execution by implementing:

e The Lean Operating System, a rigorous process that provides visibility to our
commitments, engages our coworkers in daily and weekly operating reviews,

-5-



employs a set of problem solving tools that are used when metrics are not being
achieved and lastly standardizes our work so that our outcomes are visible,
controllable and predictable; and,

« The Wildfire Risk Governance Steering Committee, which centralized oversight of
our wildfire mitigation programs.

C. Additional Steps Taken During 2021

In July 2021, we also took two bold steps to implement programs that we believe will
substantially reduce wildfire risks even further; one of which has already delivered
dramatic results.

First, following an internal assessment and external benchmarking, we announced our
10,000-mile underground program to eliminate wildfire risk from overhead electric
facilities. The undergrounding program is described in Section 7.3.3.16.

Second, we implemented EPSS on approximately 11,500 miles of distribution circuits,
or 45 percent of the circuits in HFTD areas. Through EPSS, we addressed the evolving
wildfire risk and dramatically decreased CPUC-reportable ignitions, as indicated in
Figure PG&E-ES-3 below:

FIGURE PG&E-ES-3:
IGNITION REDUCTION ON EPSS ENABLED CIRCUITS AND OVERALL DECREASES IN HFTD
AREA CPUC-REPORTABLE IGNITIONS AFTER EPSS ENABLED

Note: The reduction in CPUC reportable ignitions occurred between July 28, 2021 and October 20,
2021.

While EPSS resulted in fewer fire ignitions, increased public safety, and reduced the
risk of a catastrophic wildfire, impacted customers in high fire threat areas also
experienced more outages. To address outages and customer impacts, we
re-engineered the sensitivity of devices to continue to provide ignition risk reduction
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while reducing the likelihood of an outage.

In addition, we improved coordination between our devices to reduce the size of
outages and coordination of patrol crews for faster restoration times. As a result,
average customer outage duration on EPSS-enabled circuits decreased by 40 percent
after these changes were implemented. Despite reductions in customer outages, we
appreciate that we can certainly do more.

Given the significant ignition reduction and the criticality of reducing ignitions that could
cause a catastrophic wildfire, we are expanding the EPSS program in 2022 to all
25,500 distribution line miles in HFTD and HFRA areas, as well as select non-HFTD
areas in our service area. We recognize that EPSS may result in increased outages in
2022 and so we will be continuing our efforts to engineer the best technical solutions
including taking additional operational actions to reduce outages and expanding
customer support offerings. We will also be evaluating integrating EPSS and EVM, as
well as other wildfire initiatives, so that these programs together most effectively
mitigate wildfire risks and reduce customer outage impacts. The EPSS program is
described in more detail below and in Section 7.3.6.8.

D. Overview of PG&E’s 2022 WMP

Our 2022 WMP has three overarching goals, consistent with our established approach
to wildfire risk reduction as shown in Figure PG&E-ES-4 below:

FIGURE PG&E-ES-4:
PG&E 2022 WMP GOALS

Each of our specific wildfire programs are in the service of these goals.4 Below, we
summarize these programs within each of the wildfire mitigation categories identified by
Energy Safety.

1) Risk Assessment and Mapping — PG&E continues to advance our capabilities
in wildfire risk modeling and the visualization of risk model outputs to enable
better decision-making. Our 2021 and 2022 activities include:

4 |n the WMP, the terms initiative and program are used interchangeably. In this Executive
Summary, we will use the term program for brevity and consistency rather than referring to
“initiatives and programs.”
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TABLE PG&E-ES-1:
RISK ASSESSMENT AND MAPPING ACTIVITIES

2021

2022

In 2021, we enhanced our risk modeling to inform
our wildfire mitigation activities by:

e EXPANDING geographical coverage, adding
input data sources, refining probability of
ignition modules;

e MODELING wildfire risk for transmission
assets through the Wildfire Transmission Risk
Model;

e DEVELOPING an initial PSPS Consequence
Model at a circuit level; and,

e DEVELOPING spatial model views in our
enterprise data management platform to
inform EVM and System Hardening programs.

In 2022, we will continue building on this risk
modeling foundation to effectively make
risk-informed decisions in the planning and
execution of wildfire risk reduction activities by:

e DEVELOPING new modeling for ignition risk;
e UTILIZING the PSPS Consequence Model;

¢ INCORPORATING ingress/egress in risk
modeling; and,

e ACTIVELY PARTICIPATING in the risk
modeling working group led by Energy Safety.

Additional details on our Risk Assessment and Mapping programs are provided

in Section 7.3.1.

2)

Situational Awareness and Forecasting — Our situational awareness and

forecasting programs reduce the risk of wildfire by monitoring weather conditions
and potential fire conditions through our network of weather stations,
high-definition cameras and sensors, as well as state-of-the-art weather
forecasting that is used by PG&E and other agencies. We will continue to make
the information obtained from this technology available to CalFIRE, first
responders, and the public. Our 2021 and 2022 activities include:

TABLE PG&E-ES-2:
SITUATIONAL AWARENESS AND FORECASTING ACTIVITIES

2021

2022

In 2021, we increased our situational awareness
of potential wildfire ignitions and risk by:

e INCREASING weather modeling inputs and
outputs;

e LAUNCHING two proof-of-concept pilots to
evaluate the effectiveness of artificial
intelligence and machine learning for
high-definition cameras to detect wildfires;
and,

e INSTALLING an additional 308 weather
stations and 153 high-definition cameras in
our service area.

In 2022, we will continue to expand our situational
awareness by:

e REFINING the models that we use for
situational awareness;

e INSTALLING 100 additional weather stations
and 98 high-definition cameras; and

e DEPLOYING Distribution Fault Anticipation
and Early Fault Detection technology and
assessing Sensor IQ™ (SIQ) technology.




Additional details on our Situational Awareness and Forecasting programs are

provided in Section 7.3.2.

3) Grid Design and System Hardening — PG&E'’s grid design and system

hardening initiatives significantly reduce wildfire risks. Our comprehensive
System Hardening program is a key strategy to mitigate wildfire risk caused by
overhead assets. Our 2021 and 2022 activities include:

TABLE PG&E-ES-3:
GRID DESIGN AND SYSTEM HARDENING ACTIVITIES

2021

2022

In 2021, we advanced our system hardening and
grid design efforts by:

e COMPLETING 210 miles of distribution
system hardening (which includes
undergrounding, overhead hardening,
microgrid and Remote Grid);

¢ HARDENING or removing 104 miles of
transmission lines;

e SYSTEMATICALLY REPLACING equipment
in HFTD areas that creates ignition risks, such
as non-exempt fuses (more than 1,400) and
surge arresters (more than 15,000); and,

e LAUNCHING our plan to underground
10,000 miles of overhead distribution lines in
HFTD areas.

In 2022, we are rapidly expanding our system
hardening efforts by:

e COMPLETING 470 circuit miles of system
hardening work which includes overhead
system hardening, undergrounding and
removal of overhead lines in HFTD or buffer
zone areas;

e COMPLETING at least 175 circuit miles of
undergrounding work, including Butte County
Rebuild efforts and other distribution system
hardening work;

o REPLACING or removing 32 miles of
transmission conductor to reduce ignition risk
from those lines;

e INSTALLING additional automated devices
which allow us to sectionalize our grid and
reduce the impact of PSPS events; and,

¢ REPLACING equipment in HFTD areas that
creates ignition risks, such as non-exempt
fuses (3,000) and surge arresters (~4,500, all
known, remaining in HFTD areas).

Additional details on our Grid Design and System Hardening programs are

provided in Section 7.3.3.

4) Asset Management and Inspections — The asset information we obtain through

inspection programs is essential to informing our operational risk models and
“learn” over time to become more effective at predicting ignition risks. Inspection
programs use multiple data gathering methods, including patrol, physical testing
(e.g. intrusive pole), ground, aerial, infrared, and Light Detection and Ranging
(LIDAR), among others. Our 2021 and 2022 activities include:




TABLE PG&E-ES-4:
ASSET MANAGEMENT AND INSPECTIONS ACTIVITIES

2021

2022

In 2021, we continued our enhanced inspection
programs designed to reduce the potential for
wildfire ignition from our electrical equipment by:

e COMPLETING enhanced detailed inspections
on all distribution poles and transmission
structures in Tier 3 and Zone 1 HFTD areas
and on approximately 33 percent of the Tier 2
HFTD and HFRA distribution poles and
transmission structures;

e COMPLETING supplemental ground and
aerial inspections of 71 distribution
substations, 33 transmission substations and
38 hydro substations;

e USING infrared technology to identify
potential risks not easily detectable, and
LiDAR imaging to improve our knowledge
about our assets; and,

e UPGRADING our intrusive pole inspection
Program’s field hardware and software to
enhance record keeping and data system
integrations.

For 2022, our inspections and asset management
programs will reduce wildfire ignition risk by:

e CONTINUING our enhanced detailed
inspection programs for distribution and
transmission facilities;

e COMPLETING supplemental ground and
aerial inspections of 86 distribution
substations, 43 transmission substations, and
52 hydroelectric substations to reduce
potential ignition risks from these facilities
located throughout HFTD areas;

e CONTINUING to evolve the effectiveness of
our inspection processes and procedures;
and,

e PERFORMING LiDAR data acquisition on
distribution and transmission facilities.

Additional details on our Asset Management and Inspections programs are

provided in Section 7.3.4.

5) Vegetation Management and Inspections — Our Vegetation Management

program, components of which exceed regulatory requirements, is critical to
mitigating wildfire risk. Our vegetation management team inspects and identifies
needed vegetation maintenance on all distribution and transmission circuit miles
in PG&E’s service area on a recurring cycle through Routine and Tree Mortality
Patrols, as well as Pole Clearing. Our EVM program goes above and beyond
regulatory requirements for distribution lines by expanding minimum clearances
and removing overhang in HFTD areas. Our 2021 and 2022 activities include:
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TABLE PG&E-ES-5:
VEGETATION MANAGEMENT AND INSPECTIONS ACTIVITIES

2021

2022

In 2021, in addition to the work performed in our
Routine, Tree Mortality and Pole Clearing

programs, we were able to reduce the potential for

vegetation caused ignitions by:

e COMPLETING 1,983 miles of EVM work,
98 percent of which was focused on the
highest 20 percent or risk-ranked Circuit
Protection Zones;

e EXPANDING 218 miles of transmission
ROWs to reduce vegetation contact with our
transmission facilities; and,

e ENHANCING our vegetation management
work verification and training to ensure the
quality of work performed.

In 2022, we will continue to perform our
vegetation management programs by:

PERFORMING 1,800 miles of EVM work;
COMPLETING detailed LiDAR inspections;

CONTINUING a pilot program to include an
enhanced process to perform visual
assessment of all sides of potential strike
trees on routine vegetation management
patrols in HFTDs. The pilot program will
inform an implementation of this enhanced
process on routine vegetation management
patrols in HFTDs; and,

UNDERTAKING extensive work quality audits
and reviews through our Quality Assurance
Vegetation Management and Quality
Verification Vegetation Management
programs.

Additional details on our Vegetation Management and Inspections programs are

provided in Section 7.3.5.
6)

Grid Operations and Protocols — PG&E is focused on safely operating our

electrical grid in a manner that reduces the risk of wildfire ignitions, including
ongoing activities such as disabling reclosers and expanding programs,
specifically EPSS. Our 2021 and 2022 activities include:
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TABLE PG&E-ES-6:
GRID OPERATIONS AND PROTOCOLS ACTIVITIES

2021

2022

In 2021, we made our system safer through our
grid operations by:

IMPLEMENTING EPSS on approximately
11,500 miles of distribution circuits in HFTD
areas (45 percent of the circuits), which
significantly reduced CPUC-reportable
ignitions;

DISABLING automatic reclosers in HFTD
areas prior to fire season and for the duration
of the entire fire season;

UTILIZING our Safety and Infrastructure
Protection Team (SIPT) to support fire
prevention and mitigation activities, as well as
“on call” status during the summer
preparedness period and our Public Safety
Specialists (PSS) to help inform our wildfire
mitigation efforts; and,

IMPROVING the PSPS re-energization
protocols by implementing “all clear zones”
and refining external communications and
customer notifications processes.

In 2022, we plan to expand our grid operations
and protocols to reduce potential ignitions by:

EXPANDING EPSS to all HFTD and HFRA
areas, as well as select non-HFTD areas
adjacent to HFTD and HFRA to achieve
significant ignition reduction we experienced
in 2021;

ENGINEERING our equipment settings to
reduce the reliability impacts of EPSS and
providing support and extensive
communication with impacted customers and
communities; and,

CONTINUING other operational mitigations,
such as disabling reclosing on all automatic
devices within the HFTD and HFRA areas
during fire season.

7)

Additional details on our Grid Operations and Protocols programs are provided in

Section 7.3.6.

Data Governance — Our data governance initiatives primarily support other
WMP initiatives, which depend on access to accurate data for situational
intelligence, analysis and insight, decision-making, and regulatory reporting. Our

2021 and 2022 activities include:

TABLE PG&E-ES-7:
DATA GOVERNANCE ACTIVITIES

2021

2022

In 2021, we continued to expand our data driven
approach to wildfire mitigation by:

INCREASING our capacity to deliver new,
high-quality data objects into Foundry; and,

DEVELOPING eight new wildfire-related
analytic and situational intelligence products.

In 2022, we will be building on our data
capabilities by:

EXPANDING the electric operations data
available in our data platform; and,

DEVELOPING new analytic and situational
intelligence products within the data platform,
and maturing platform governance.

Additional details on our Data Governance programs are provided in

Section 7.3.7.
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8) Resource Allocation and Methodology — We have developed analytical tools
to evaluate risk and risk mitigations and prioritize work to address our highest
risks, particularly wildfires, more effectively. Our 2021 and 2022 activities
include:

TABLE PG&E-ES-8:
RESOURCE ALLOCATION AND METHODOLOGY ACTIVITIES

2021 2022

In 2021, we developed a broader ability to analyze | In 2022, we plan to continue expanding the use of
risk and use this analysis in our work planning by: | our risk analyses by:

o EXPANDING RSE scores to more risk e |IMPLEMENTING the third-party technical
mitigation and control programs; and, advising group findings;

o ENGAGING with a third-party technical e ESTABLISHING an RSE Governance Team;
advising group to perform an assessment of and,

RSE methodologies used in the 2021 WMP. e ENHANCING our use of RSEs as an

important tool to evaluate risk initiatives and
key inputs into the overall decision-making
process.

Additional details on our Resource Allocation and Methodology programs are
provided in Section 7.3.8.

9) Emergency Planning and Preparedness — PG&E has developed an
emergency response plan that is focused on protecting life and property and
communicating information as quickly as possible to first responders, local and
state authorities, and our communities and customers. Our highly-qualified
workforce is trained on protocols to respond to any incident and restore power
safely. In the event of a major emergency, we have a dedicated customer
support team to assist impacted customers. Our 2021 and 2022 activities
include:
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TABLE PG&E-ES-9:
EMERGENCY PLANNING AND PREPAREDNESS ACTIVITIES

2021

2022

In 2021, we continued to enhance our emergency
planning preparation by:

o ADOPTING web-based training sessions for
emergency support personnel training;

e INCREASING the number of line workers to
support service restoration; and,

e INCREASING public awareness of
emergency planning and preparedness
information through our communications
efforts.

In 2022, we intend to expand these capabilities
by:

e TRAINING all profiled employees on
restoration protocols;

e CONDUCTING field exercises for all impacted
divisions;

e DEVELOPING a communications and
operations plan that engages external

agencies for inclusion in after-action reviews;
and,

e CONDUCTING multi-channel awareness
campaigns with a focus on customers
impacted by PSPS and EPSS events and
customers with access or functional needs.

Additional details on our Emergency Planning and Preparedness programs are

provided in Section 7.3.9.
10)

Stakeholder Cooperation and Community Engagement — \Working with

agencies and customers is an important part of our wildfire mitigation efforts. We
recognize that a one-size-fits-all approach to engagement does not necessarily
consider a community’s specific priorities and needs. Our 2021 and 2022

activities include:

TABLE PG&E-ES-10:
STAKEHOLDER COOPERATION AND COMMUNITY ENGAGEMENT ACTIVITIES

2021

2022

In 2021, we worked effectively to communicate
with our communities, customers, and local and
state agencies by:

e CONTINUING to focus on localized
engagement;

e INCREASING public awareness and support
of utility wildfire mitigation activity by working
closely with agencies and critical facilities to
ensure they are informed of PG&E’s
emergency planning and preparedness
resources and actions; and,

o HOSTING over 390 meetings with agencies
to share information related to PG&E’s
wildfire mitigation efforts.

In 2022, we will continue communicating critical
wildfire and PSPS information and be better
informed about customer and community needs
by:

e LISTENING to customers, community
leaders, and community-based organizations
to fully understand and respond to concerns
and feedback about communications;

e PARTICIPATING in various industry groups
to benchmark and identify potential alternative
solutions from industry leaders around the
world; and

e HOSTING events and meetings designed to
inform and coordinate with local agencies and
communities and our customers.
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Additional details on our Stakeholder Cooperation and Community Engagement
programs are provided in Section 7.3.10.

In addition to these mitigation categories, we will also continue to use our PSPS
protocols as a final option when necessary to keep our customers and our communities
safe. The more targeted, smaller, and shorter PSPS events in 2021 resulted from a
combination of favorable weather conditions, enhancements to our electrical system,
the incorporation of feedback from our customers and our communities, and continuous
improvement based on lessons learned from past events. In 2021, these continuous
improvements included enhancements to meteorology modeling that incorporated
weather, tree overstrike, and equipment condition data into machine learning, PSPS
Distribution Scoping Guidance Updates, Transmission PSPS Scoping Protocols, a
PSPS Risk-Benefit Assessment, and our Re-energization Strategy and Protocols.

In 2022, we plan to continue to make progress to minimize customer impacts during
PSPS events by focusing on three major areas: (1) customer support efforts;

(2) restoration; and (3) mitigation initiatives. Additional details on our PSPS initiatives
are provided in Section 8.

E. Challenges Ahead

We are working with tremendous urgency to reduce the risk of wildfires in our service
area by implementing risk-informed and data-driven programs and mitigations. Looking
ahead, the climate change challenges for California are significant and growing. As the
United States Department of Agriculture (which includes the National Forest Service)
Secretary Tom Vilsack recently noted in announcing a 10-year strategy to reduce
wildfire risk in the Western United States:

[O]ur experts expect the trend [of wildfires] will only worsen with the effects of a
changing climate, so working together toward common goals across boundaries
and jurisdictions is essential to the future of these landscapes and the people who

live there.®

Changes in weather patterns combined with California’s vegetation “debt” (i.e., the
amount of burnable fuel on forest lands) further highlight the wildfire risk that California
can expect will only increase for the foreseeable future.

These concerns are particularly true for PG&E’s service area. Over half of PG&E’s

service area lies in HFTD areas identified by the Commission in 2018.6 Roughly
one-third of PG&E’s total overhead assets, or approximately 5,500 line-miles of electric
transmission and 25,500 line-miles of distribution assets lie within these HFTDs. In
addition, PG&E has identified HFRAs (areas outside Tier 2 and Tier 3 HFTD areas) that
represent areas where there are risk factors for potential wildfires. PG&E’s HFTD and
HFRA areas are identified in Figure PG&E-ES-5 below.

5  Available at: Secretary Vilsack Announces New 10-Year Strateqy to Confront the Wildfire
Crisis | USDA.

6 Available at: www.cpuc.ca.gov/firethreatmaps.
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FIGURE PG&E-ES-5:
HFTD AND HFRA AREAS IN PG&E SERVICE AREA

The 2021 drought and wildfire season reinforced the importance of collaboration in
wildfire mitigation. We appreciate the partnership with Energy Safety, the CPUC, local,
state, and federal policymakers and legislators, stakeholders, our customers, and our
communities to make every effort to reduce wildfire risk and end catastrophic wildfires.

F. Conclusion

The programs and initiatives described in this 2022 WMP provide a comprehensive,
innovative and multi-faceted approach to wildfire risk reduction using the best tools,
techniques, and technology available today and reflect the continuous evolution of our
approach. The wildfire risk in our service area is changing rapidly, and we are moving
boldly to address it. In such a rapidly changing environment we know we must be open
to the ideas of others and feedback. We look forward to receiving more input from and
working collaboratively with Energy Safety, the CPUC, local and state agencies,
communities, and our customers and to achieve our stand that catastrophic wildfires
shall stop.
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PACIFIC GAS AND ELECTRIC COMPANY
2022 WILDFIRE MITIGATION PLAN
SECTION 1
PERSONS RESPONSIBLE FOR EXECUTING THE
WILDFIRE MITIGATION PLAN
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1. Persons Responsible for Executing the Wildfire Mitigation Plan

Provide an accounting of the responsibilities of the responsible person(s) executing the
plan, including:

1. Executive level with overall responsibility
2. Program owners specific to each component of the plan

Title, credentials, and components of responsible person(s) must be released publicly,
but other contact information may be provided in a redacted file attached to the Wildfire
Mitigation Plan (WMP) submission.

The following individuals have responsibilities for oversight, governance and execution
of Pacific Gas and Electric Company’s (PG&E) 2022 Wildfire Mitigation Plan (WMP).
While hundreds of leaders, and thousands of employees and contractors, contribute to
the WMP activities or have ownership or accountability for individual initiatives or other
portions of the WMP, we have identified below the leaders who have general
responsibility for the referenced sections of the 2022 WMP.

Executive-Level Owner With Overall Responsibility:

Sumeet Singh, Executive Vice President, Chief Risk Officer and Chief Safety Officer
- E-mail - I
« Telephone number — NG
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Program Owners for Each Component of Plan:

PROGRAM OWNERS FOR EACH COMPONENT OF PLAN

TABLE PG&E-1-1:

Section Name Title
Section 1: Sumeet Executive Vice
Persons Singh President, Chief
Responsible Risk Officer and
for Executing Chief Safety
the Plan Officer
Section 2: Jay Leyno Director,
Adherence to Community
Statutory Wildfire Safety
Requirements Program
Section 3: Jay Leyno Director,
Actuals and Community
Planned Wildfire Safety
Spending Program
Section 4: Jay Leyno Director,
Lessons Community
Learned and Wildfire Safety
Risk Trends Program

Paul Director, Electric
McGregor Operations (EO)
Risk
Management
and Analytics
Ali Moazed Director, Data
Management &
Analytics
Section 5: Jay Leyno Director,
Inputs to the Community
Plan and Wildfire Safety
Directional Program
Vision
Section 6: Jay Leyno Director,
Metrics and Community
Underlying Wildfire Safety
Data Program
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Component

General Oversight
and Management of
WMP Activities

All

All

4.1 — Lessons
Learned

4.6 — Progress
Reporting

4.2,4.3, & 4.5 - Risk
Understanding and
Modeling

4.4 — Research

All

Note: Operational
teams support
Section 5.4 on skilled
resource details

All

Note: Various
specific teams
support data
collection




TABLE PG&E-1-1:

PROGRAM OWNERS FOR EACH COMPONENT OF PLAN

(CONTINUED)

Phone
Section Name Title E-Mail Number
Section 7: Jay Leyno Director,
Mitigation Community
Initiatives Wildfire Safety
Program
Ali Moazed Director, Data
Management &
Analytics
Paul Director, EO
McGregor Risk
Management
and Analytics
Angie VP, Emergency
Gibson Preparedness &

Response
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Component

7.1.C & D — Wildfire
Mitigation Strategy

7.2.A,B & D - WMP
Implementation.

7.1.E — New or
Emerging
Technologies

7.3.7 — Data
Governance

7.1.A-PG&E’s

Approach to
Managing Wildfire
Risk

7.1.B — Risk
Modeling Outcomes
in Decision-Making
and Mitigations
7.1.F — Risk

7.3.1 — Risk
Assessment and
Mapping

7.3.2 — Situational
Awareness and

Forecasting

7.3.6 — Grid

Operations and
Protocols

7.3.9 — Emergency

Planning and
Preparedness




TABLE PG&E-1-1:

PROGRAM OWNERS FOR EACH COMPONENT OF PLAN

(CONTINUED)

Section Name Title E-Mail
Mark Sr. Director, EO
Esguerra Asset Strategy
Maria Ly Director,

Transmission,
Substation &
Storage
Strategy
Tracy Director,
Maratukulam | Engagement,
Strategy and
Programs
Steven Sr Director,
Fischer Vegetation
Management
Ops
Eric Thomas | System
Inspections

Quality Control
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Phone
Number

Component

7.1.G — Grid Design
and System
Hardening
Mitigations

7.1.H — Grid Design

and System

Hardening
High-Level Maps

7.1.1 — Asset
Management and
Inspections
Geographic
Information System
(GIS) Layer
(Distribution)

7.3.3 — Grid Design
and System
Hardening

7.3.4 — Asset
Management and
Inspections

7.3.8 — Resource

Allocation
Methodology

7.1.1 — Asset
Management and
Inspections GIS
Layer (Transmission/
Substation)

7.3.10 — Stakeholder
Cooperation and

Community
Engagement

7.1.J — Enhanced
Clearances GIS

Layer
7.3.5 — Vegetation

Management and
Inspections

7.2.C — Monitor and

Audit Inspection
Effectiveness




TABLE PG&E-1-1:
PROGRAM OWNERS FOR EACH COMPONENT OF PLAN
(CONTINUED)

Phone
Section Name Title E-Mail Number Component
Matt Director, 7.3.a — Financial
Whorton Business Data
Finance Electric
Operations &
Engineering
Strategy
Section 8: Shawn Director, Public 8.1 — Directional
Public Safety | Holder Safety Power Vision for PSPS
Power Shut Off
Shutoff 8.2 — Protocols on
PSPS
(PSPS) ForFo
8.3 — Projected
Changes to PSPS
Impact
8.5 — PSPS-Specific
Metrics
8.6 — Identification of
Frequently
De-Energized
Circuits
Robert Cupp | Director, 8.24 —
Emergency Re-Energization
Field Strategy
Operations
Tracy Director, 8.2.2 — Strategy to
Maratukulam | Engagement, Minimize Public
Strategy and Safety Risk
Programs 8.2.5 — Customer,
Agency, and External
Communications
8.4 — Engaging
Vulnerable
Communities
Section 9: Jay Leyno Director, All
Appendix Community
Wildfire Safety
Program
Paul Director, EO 9.5 — PG&E Glossary
McGregor Risk of Models
Management
and Analytics
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1.1 Verification
Verification
Complete the following verification for the WMP submission:
(See Rule 1.11)
(Where Applicant is a Corporation)

| am an Officer of the applicant corporation herein and am authorized to make this
verification on its behalf. The statements in the foregoing document are true of my own
knowledge, except as to matters which are therein stated on information or belief, and
as to those matters | believe them to be true.

| declare under penalty of perjury that the foregoing is true and correct.

Executed on _ February 25, 2022 at San Ramon , California.

(Date) (Name of city)

L\ |
! U‘_l:f - i_'-—' —
|

F

Sumeet Singh, EVP, Interim Chief Safety Officer and
Chief Risk Officer
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1.2 Initial Explanatory Notes and Comments

This section provides some initial explanatory notes and comments that will assist
readers when reviewing our 2022 WMP.

(a) Consistency with 2022 WMP Guidelines Template

On December 15, 2021, Energy Safety issued the final version of the 2022 WMP
Guidelines Template (2022 WMP Guidelines). The 2022 WMP Guidelines provided an
outline for the 2022 WMP and tables for the utilities to complete as part of their
submission. We have attempted to the best of our ability to provide the information
requested by Energy Safety in the time allotted and in the manner requested in the
2022 WMP Guidelines. Due to the relatively condensed period between the issuance of
the Guidelines and the submission of the 2022 WMP, there may be some areas where
PG&E is unable to provide the requested data. Where data is unavailable, we have
noted this in our 2022 WMP.

(b) Narrative Subparts

Some sections in the 2022 WMP are quite lengthy. In order to assist the reader, PG&E
has added lettered subparts in these sections (e.g., (a), (b), etc.).

(c) Formatting and Additional Tables and Figures

To provide context to help understand the tables and narrative, we have included the
instructions from the 2022 WMP Guidelines in italics at the beginning of each section
and table in the 2022 WMP.

We are also providing additional tables to explain various additional data or calculations
that PG&E performed to complete tables required in the Guidelines. We have included

only the required tables, not the PG&E specific tables, in the excel files that it is posting
with the 2022 WMP. The additional PG&E specific tables are identified in the following

format in the narrative:

TABLE PG&E-SECTION#-TABLE#.

Similarly, where PG&E has provided figures to supplement the narrative, these PG&E
specific figures are identified in the same format:

FIGURE PG&E-SECTION#-FIGURE#.

(d) Definition of Terms and Glossaries

We have used the Glossary provided in the 2022 WMP Guidelines as a reference
source for terminology and have included it as Section 9.3 in our 2022 WMP. Some
terms used in PG&E’s 2022 WMP are not defined in the Guidelines Glossary. To
provide clarity for readers, we have also included in Section 9.4 a PG&E-specific
glossary.
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(e) Model Glossary

There are a number of models referred to and discussed throughout the 2022 WMP. In
order to assist the reader, PG&E is including a glossary of models in Section 9.5 listing
the primary and component models referred to in the 2022 WMP with a brief description
of each.

(f) Initiative v. Program

The 2022 WMP uses the terms “initiative” and “program” interchangeably to describe
specific efforts that PG&E is making to reduce wildfire risk. PG&E has used the
initiatives defined by Energy Safety in the 2022 WMP, but also at points refers to
programs, which may be one or more initiatives.

(g9) Definition of Transmission and Distribution

PG&E defines transmission voltage as being 60 kilovolt (kV) or above and has used this
delineation for many years. Distribution is, therefore, defined as below 60 kV.
Therefore, any references in the 2022 WMP to transmission refers to voltages at 60kV
or above. Note that in some of the Energy Safety-provided tables or definitions
transmission has been defined as 65kV or above. PG&E is unable to re-orient our data
systems to use 65kV as the delineation between distribution and transmission.

(h) Ignition Data

The fire ignition data provided in the 2022 WMP, particularly Tables 7.1 and 7.2, is
based on fire incident reports filed with the CPUC annually in accordance with
D.14-02-015. The ignition data provided in these tables reflects preliminary data.
PG&E'’s final 2021 fire ignition report is due on April 1, 2022 and 2021 data will be
further reviewed in advance of that filing.

(i) Distinguishing Climate and Weather

The 2022 WMP Guidelines and other 2022 WMP materials, such as the Maturity
Survey, reference “climate” and “weather” and in some cases use the two terms
interchangeably. Meteorology (weather) and climatology (climate) are unique
disciplines concerned with very different geographic and temporal granularities of
natural phenomena. “Weather” refers to short period variation in the atmosphere at a
given location. “Climate” refers to the condition of the atmosphere over a long period of
time over a large area. Climate projections can be an important planning tool that
provide the expected bounds for future operating conditions on a decadal scale;
however, the nature of statistical projections makes climate data unsuitable for precisely
predicting specific future outcomes. PG&E's Climate Resilience Team continues to
coordinate with the PG&E’s Community Wildfire Safety Program to identify opportunities
where application of long-term climate projections would result in safer and/or more
affordable outcomes. In general, the programs and planning reviewed in the WMP have
time horizons ranging from months to a few years and as such are not meaningfully
informed by climate projections. Thus, in our 2022 WMP and Maturity Survey
responses, references to “climate” and “weather” are generally understood to be
referring to shorter term weather trends, rather than long-term climate trends, unless the
context of the Guidelines or Maturity Survey instructions makes clear otherwise.
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(j) Cross-Referencing

We are mindful of the 2022 WMP Guidelines direction to include cross-referencing and
hyperlinks to “minimize duplication of narratives.” Consistent with this direction, we
have tried to include more cross-referencing of material to streamline the 2022 WMP.

(k) Referenced Documents

In the 2022 WMP Guidelines, Energy Safety requested electrical corporations post all
documents referenced in their WMPs on a WMP-specific website. We have included on
our WMP-specific website a document that lists the documents referenced in our WMP
and provides links to where the materials can be obtained.

() Attachments

Throughout the 2022 WMP, there are references to attachments that are applicable to
specific sections and provide additional materials. For ease of reference, we are
including below a list of the attachments. In the text of the 2022 WMP, we refer to the
attachment name and number. In the list below, we have also added the designation
“CONF” which indicates whether an attachment is confidential or not. PG&E will
provide on our website a public version of each attachment unless the attachment is
confidential in its entirety, in which case the attachment will not be provided on our
website:

List of Attachments:

o 2022-02-25_PGE_2022_WMP-Update_RO_Section 4.1_AtchO1

e 2022-02-25_PGE_2022_WMP-Update_RO_Section 4.1_Atch02

e 2022-02-25_PGE_2022_WMP-Update_RO_Section 4.2.1_AtchO1_CONF
o 2022-02-25 PGE_2022_WMP-Update_RO_Section 4.2.1_Atch02

o 2022-02-25_PGE_2022_WMP-Update_RO_Section 4.2.1_Atch03

e 2022-02-25_PGE_2022_WMP-Update_RO_Section 4.3_Atch01

e 2022-02-25_PGE_2022_WMP-Update_RO_Section 4.5.1_Atch01

e 2022-02-25_PGE_2022_WMP-Update_RO_Section 4.5.1_Atch02_CONF
e 2022-02-25_PGE_2022_WMP-Update_RO_Section 4.5.2_Atch01_CONF
o 2022-02-25_PGE_2022_WMP-Update_RO_Section 4.5.2_Atch02_CONF
e 2022-02-25_PGE_2022_WMP-Update_RO_Section 4.6_Atch01

e 2022-02-25_PGE_2022_WMP-Update_RO_Section 4.6_Atch02
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List of Attachments (continued):

2022-02-25_PGE_2022_WMP-Update_R0_Section 4.6_Remedy 21-09_Atch01
2022-02-25_PGE_2022_WMP-Update_RO_Section 4.6_Remedy 21-09_Atch02

2022-02-25_PGE_2022_ WMP-Update_R0_Section 4.6_Remedy
21-14_Atch01_CONF

2022-02-25_PGE_2022_ WMP-Update_RO_Section 4.6_Remedy 5.4.B_Atch01
2022-02-25_PGE_2022 WMP-Update_RO_Section 4.6_Remedy 5.4.B_Atch02

2022-02-25 PGE_2022_WMP-Update_RO_Section 4.6 _Remedy
5.5.A_Atch01_CONF

2022-02-25_PGE_2022_WMP-Update_RO0_Section 4.6_Remedy 5.5.D_Atch01
2022-02-25_PGE_2022_WMP-Update_RO_Section 7.1.E_Atch01
2022-02-25_PGE_2022_WMP-Update_RO_Section 7.1.F_Atch01_CONF
2022-02-25_PGE_2022_WMP-Update_RO_Section 7.1.H_Atch01
2022-02-25_PGE_2022_WMP-Update_RO0_Section 7.1.1_AtchO1_CONF
2022-02-25_PGE_2022_WMP-Update_RO0_Section 7.1.J Atch01_CONF
2022-02-25_PGE_2022_WMP-Update_RO_Section 7.1.J Atch02_CONF
2022-02-25_PGE_2022_WMP-Update_RO0_Section 7.3.3_Atch01_CONF
2022-02-25_PGE_2022_WMP-Update_RO_Section 7.3.a_Atch01
2022-02-25 PGE_ 2022 WMP-Update RO _Section 7.3.a_Atch02
2022-02-25_PGE_2022_WMP-Update_RO_Section 7.3.a_Atch03
2022-02-25_PGE_2022_WMP-Update_RO0O_Section 7.3.a_Atch04
2022-02-25 PGE_ 2022 WMP-Update RO_Section 7.3.a_Atch05
2022-02-25 PGE_2022 WMP-Update RO_Section 7.3.a_Atch06
2022-02-25_PGE_2022_WMP-Update_RO_Section 7.3.a_Atch07
2022-02-25_PGE_2022_WMP-Update_R0_Section 7.3.a_Atch08
2022-02-25 PGE_ 2022 WMP-Update RO_Section 7.3.a_Atch09
2022-02-25_PGE_2022_WMP-Update_RO0_Section 7.3.a_Atch10
2022-02-25_PGE_2022_WMP-Update_RO0_Section 8.2.4_Atch01_CONF
2022-02-25_PGE_2022_WMP-Update_RO_Section 8.6_Atch01
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PACIFIC GAS AND ELECTRIC COMPANY
2022 WILDFIRE MITIGATION PLAN
SECTION 2
ADHERENCE TO STATUTORY REQUIREMENTS
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2. Adherence to Statutory Requirements

Section 2 comprises a “check list” of the Public Utilities Code (Pub. Util. Code)

§ 8386(c) requirements and subparts. The utility is required to both affirm that the
Wildfire Mitigation Plan (WMP) addresses each requirement AND cite the section and
page number where statutory compliance is demonstrated fully. Citations are required
to use cross-referencing with hyperlinks.

Note: Energy Safety reserves the right to automatically reject a WMP that does not
provide substantiation for statutory compliance or does not provide citations to
appropriate sections of the WMP.

Table 2-1 provides an exemplar for the minimum acceptable level of information and
citation for the statutory check list.

TABLE 2-1:
ILLUSTRATIVE CHECK LIST
WMP Section and
Requirement Description Page Number
2 The objectives of the plan Section 4.1, p. 13
11 Protocols for the de-energization of the electrical Section 5 Overview,
corporation’s transmission infrastructure, etc. pp. 30--31

Table 2-2 provides the full list of statutory requirements. A table similar to Table 2-2 is
required with the appropriate citation for each requirement. If multiple WMP sections
address a specific requirement, then references to all relevant sections with a brief
indication of information provided in each section must be provided. The table must
include each section reference separated by semi-colon (e.g., Section 5, pp. 30-32
(workforce); Section 7, p. 43 (mutual assistance)) where appropriate, and associated
hyperlinks to the referenced section.
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TABLE 2-2:
STATUTORY COMPLIANCE MATRIX

Requirement

Description

WMP Section and Page
Number

1

An accounting of the responsibilities of person(s) responsible for
executing the plan

Section 1, pp. 18-22

The objectives of the plan

Section 5.2, pp. 247-251
(the objectives of the
plan);

Section 5.3, pp. 252-287
(plan program targets)

A description of the preventive strategies and programs to be
adopted by the electrical corporation to minimize the risk of its
electrical lines and equipment causing catastrophic wildfires,
including consideration of dynamic climate change risks

Section 4.2, pp. 57-67 (risk
assessment);

Section 4.2.B, pp. 69-73
(fuel condition
assessment);

Section 4.2.1, pp. 74-83
(evaluation of service
territory risk);

Section 4.3, pp. 84-95 (risk
modeling regarding
ignition risk);

Section 4.5.1, pp. 113-127
(risk modeling generally);

Section 7.1.A, pp. 310-313
(approaching to managing
wildfire risk)

Section 7.1.B, pp. 314-317
(use of risk modeling in
decision-making and
mitigation);

Section 7.1.C, pp. 318-322
(major investments to
mitigate wildfire risk);

Section 7.1.F, pp. 330-331

(wildfire risk data);
Sections 7.3.1 to 7.3.10,

pp. 351-854 (initiative and
program descriptions);

Section 8.2, pp. 878-932

(PSPS strategy and
protocols)
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TABLE 2-2:
STATUTORY COMPLIANCE MATRIX
(CONTINUED)

Requirement

Description

WMP Section and Page
Number

4

A description of the metrics the electrical corporation plans to use to
evaluate the plan’s performance and the assumptions that underlie
the use of those metrics

Section 4.5.2, pp. 204-209
(calculation of key
metrics);

Section 6, pp. 303-307
and Attachment
2022-02-25_PGE_2022_
WMP-Update RO_Section
7.3.a_Atch01;

Sections 8.1.1,

pp. 858-862 and 8.1.4.1,
pp. 868-872 (PSPS
historical lookback and
impact of mitigations)

Section 8.5, p. 964 and
Quarterly Data Request,
Table 11 (PSPS metrics)

A discussion of how the application of previously identified metrics to
previous plan performances has informed the plan

Section 4.1, pp. 49-56
(lessons learned informing
2022 WMP);

Section 4.6 Additional
Remedy 5.4.B,

pp. 210-245 (Asset
Management and
Inspections-Corrective
notifications)

Section 6, pp. 303-307
and Attachment
2022-02-25_PGE_2022_
WMP-Update RO_Section
7.3.a_Atch01, Tables 1-12
(WMP metrics and
underlying data);

Section 7.1.F, pp. 330-331
(wildfire risk data showing
wildfire risk);

Section 7.1.H, p. 333
(prioritization of grid
design and system
hardening);

Section 7.1.1, p. 334 (asset
management and
inspection plan for 2022);

Section 7.1.J, pp. 335
(enhanced vegetation
work 2020-2022);
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TABLE 2-2:
STATUTORY COMPLIANCE MATRIX
(CONTINUED)

Requirement

Description

WMP Section and Page
Number

Section 7.3.6.8,

pp. 730-739 (EPSS
implementation informed
by ignition metrics);

Section 8.1.3, pp. 866-867
(lessons learned for
PSPS);

Section 8.1.4, pp. 868-877
(future plans for PSPS
based on lessons learned
and metrics)

6 Protocols for disabling reclosers and de-energizing portions of the Section 7.3.6.1,
electrical distribution system that consider the associated impacts on | pp. 705-706 (automatic
public safety. As part of these protocols, each electrical corporation recloser operations);
shall include protocols related to mitigating the public safety impacts Section 7.3.6.8
of disabling reclosers and de-energizing portions of the electrical WPSS
distribution system that consider the impacts on all of the aspects Pp. i (
listed in Pub. Util. Code 8386¢ protocols);
Sections 8.2.1 t0 8.2.3,
pp. 879-893 (decisions to
de-energize for PSPS)
7 Appropriate and feasible procedures for notifying a customer who Section 7.3.9.2t0 7.3.9.3,

may be impacted by the de-energizing of electrical lines, including
procedures for those customers receiving a medical baseline
allowance as described in paragraph (6). The procedures shall direct
notification to all public safety offices, critical first responders, health
care facilities, and operators of telecommunications infrastructure
with premises within the footprint of potential de-energization for a
given event

pp. 790-801 (community
outreach, public
awareness, and customer
support before, during and
after wildfires, and
customer support during
emergencies)

Section 7.3.10.1,

pp. 812-842 (community
engagement including
PSPS);

Section 7.3.10.3,

pp. 847-849 (coordination
with suppression
agencies)

Section 8.2.5, pp. 920-931
(customer communications
re PSPS);

Sections 8.4.1, 8.4.3 and
8.4.4, pp. 938-963
(community outreach
efforts before and during
PSPS events)
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TABLE 2-2:
STATUTORY COMPLIANCE MATRIX
(CONTINUED)

Requirement

Description

WMP Section and Page
Number

8

Identification of circuits that have frequently been de-energized
pursuant to a de-energization event to mitigate the risk of wildfire and
the measures taken, or planned to be taken, by the electrical
corporation to reduce the need for, and impact of, future
de-energization of those circuits, including, but not limited to, the
estimated annual decline in circuit de-energization and
de-energization impact on customers, and replacing, hardening, or
undergrounding any portion of the circuit or of upstream transmission
or distribution lines

Section 7.3.3.11,

pp. 469-495 (grid design
efforts to mitigate PSPS
impacts);

Sections 7.3.3.16 to
7.3.3.17, pp. 523-568
(undergrounding and
system hardening which
can reduce
de-energization events);

Section 7.3.6.8,
pp. 730-739 (EPSS
implementation);

Section 8.3, pp. 933-935
(projected impacts on
PSPS from wildfire
mitigations);

Section 8.6, pp. 965-1001
(identification of frequently
de-energized circuits)

Plans for vegetation management

Section 7.1.J, pp. 335-335
(enhanced vegetation
work 2020-2022);

Sections 7.3.5.1 to
7.3.5.21, pp. 631-633

10

Plans for inspections of the electrical corporation’s electrical
infrastructure

Sections 7.3.4.1 to
7.3.4.16, pp. 569-573
(asset inspections);

Sections 7.3.5.2t07.3.5.3,
pp. 634-644 (distribution
and transmission
vegetation inspections);

Sections 7.3.5.7 t0 7.3.5.8,
pp. 655-661 (remote
sensing inspections);
Section 7.3.5.17, pp.
681-688 (substation
inspections);

Section 7.3.5.21,

pp. 702-704 (vegetation
inspection guidelines).
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TABLE 2-2:
STATUTORY COMPLIANCE MATRIX
(CONTINUED)

Requirement

Description

WMP Section and Page
Number

11

Protocols for the de-energization of the electrical corporation’s
transmission infrastructure, for instances when the de-energization
may impact customers who, or entities that, are dependent upon the
infrastructure

Section 8.2.3.4,

pp. 903-905 (PSPS
protocols for
transmission);

Section 8.2.3.5,
pp. 906-907 (outage
impacts for transmission);

Sections 8.2.3.6 and
8.2.3.7, pp. 908-914
(general timing for
decisions and PSPS
Risk-Benefit Tool)

12

A list that identifies, describes, and prioritizes all wildfire risks, and
drivers for those risks, throughout the electrical corporation’s service
territory, including all relevant wildfire risk and risk mitigation
information that is part of the Safety Model Assessment Proceeding
and the Risk Assessment Mitigation Phase filings

Section 4.2, pp. 57-83 (risk
drivers);

Section 4.3, pp. 84-95
(ignition drivers);

Section 4.5.1(a),

pp. 117-127 (Enterprise
Risk Model identifying
risks and drivers)

13

A description of how the plan accounts for the wildfire risk identified in
the electrical corporation’s Risk Assessment Mitigation Phase filing

Section 4.2, pp. 57-83
(implementation of Safety
Model Assessment
Proceeding (S-MAP)
settlement);

Section 4.5.1(a),

pp. 117-127 (S-MAP
settlement and Enterprise
Risk Model);

Section 7.3.8.3,

pp. 783-785 (Risk Spend
Efficiency and RAMP
proceeding)

14

A description of the actions the electrical corporation will take to
ensure its system will achieve the highest level of safety, reliability,
and resiliency, and to ensure that its system is prepared for a major
event, including hardening and modernizing its infrastructure with
improved engineering, system design, standards, equipment, and
facilities, such as undergrounding, insulation of distribution wires, and
pole replacement

Section 5.4.4, pp. 298-300
(training for grid hardening
work);

Section 7.1.H, pp. 333-333
(prioritization of grid
design and system
hardening);

Sections 7.3.3.16 to
7.3.3.17, pp. 523-568
(undergrounding and
system hardening
initiatives and programs)
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TABLE 2-2:
STATUTORY COMPLIANCE MATRIX
(CONTINUED)

Requirement

Description

WMP Section and Page
Number

15 A description of where and how the electrical corporation considered | Section 7.1.H, pp. 333-333
undergrounding electrical distribution lines within those areas of its (prioritization of grid
service territory identified to have the highest wildfire risk in a design and system
California Public Utilities Commission (Commission) fire threat map hardening);

Section 7.3.3.16,
pp. 523-353
(undergrounding)

16 A showing that the electrical corporation has an adequately sized and | Section 5.4, pp. 288-302
trained workforce to promptly restore service after a major event, (workforce training and
taking into account employees of other utilities pursuant to mutual aid | recruitment);
agreements and employees of entities that have entered into Section 7.3.9.1
contracts with the electrical corporation —pp. 786-789 (workforce for

service restoration and
mutual assistance);
Section 7.3.9.4,

pp. 802-804, emergency
preparedness training);
Section 8.2.4, pp. 915-919
(PSPS restoration
strategy)

17 Identification of any geographic area in the electrical corporation’s Section 4.2.1, pp. 74-83
service territory that is a higher wildfire threat than is currently (service territory threat
identified in a Commission fire threat map, and where the evaluation)

Commission must consider expanding the high fire threat district
based on new information or changes in the environment
18 A methodology for identifying and presenting enterprise-wide safety Section 4.2, pp. 57-83

risk and wildfire-related risk that is consistent with the methodology
used by other electrical corporations unless the Commission
determines otherwise

(implementation of Safety
Model Assessment
Proceeding (S-MAP)
settlement);

Section 4.5.1(a),

pp. 117-127 (S-MAP
settlement and Enterprise
Risk Model);

Section 7.3.8.3,

pp. 783-785 (Risk Spend
Efficiency and RAMP
proceeding)
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TABLE 2-2:
STATUTORY COMPLIANCE MATRIX
(CONTINUED)

Requirement

Description

WMP Section and Page
Number

19

A description of how the plan is consistent with the electrical
corporation’s disaster and emergency preparedness plan prepared
pursuant to Section 768.6, including plans to restore service and
community outreach

Sections 7.3.9.2t0 7.3.9.3,
pp. 790-801 (community
outreach and customer
support before, during and
after wildfires and
customer support during
emergencies);

Section 7.3.9.4,
pp. 802-804 (emergency
plan);

Section 7.3.9.5,

pp. 805-808
(preparedness and
planning for service
restoration after
emergency);

Section 7.3.10.1,

pp. 812-842 (community
engagement to prepare for
wildfire seasons, PSPS
and EPSS).

20

A statement of how the electrical corporation will restore service after
a wildfire

Section 7.3.9.1,

pp. 786-789 (training and
personnel for service
restoration);

Section 7.3.9.5,

pp. 805-808
(preparedness and
planning for service
restoration after
emergency)

21

Protocols for compliance with requirements adopted by the
Commission regarding activities to support customers during and
after a wildfire, outage reporting, support for low-income customers,
billing adjustments, deposit waivers, extended payment plans,
suspension of disconnection and non-payment fees, repair
processing and timing, access to electrical corporation
representatives, and emergency communications

Section 7.3.9.2,

pp. 790-794 (community
engagement before,
during and after wildfires)

Section 7.3.9.3,

pp. 795-801 (customer
support during
emergencies);

Section 7.3.10.1,

pp. 812-842 (customer
engagement for wildfire
mitigation)
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TABLE 2-2:
STATUTORY COMPLIANCE MATRIX
(CONTINUED)

Requirement

Description

WMP Section and Page
Number

22

A description of the processes and procedures the electrical
corporation will use to do the following:

Monitor and audit the implementation of the plan.

Identify any deficiencies in the plan or the plan’s implementation and
correct those deficiencies.

Monitor and audit the effectiveness of electrical line and equipment
inspections, including inspections performed by contractors, carried
out under the plan and other applicable statutes and Commission
rules.

Section 4.1, pp. 49-56
(lessons learned);

Section 4.6, pp. 210-246
(reporting on Remedies
and Additional Issues
identified by the Office of
Energy Infrastructure
Safety);

Section 7.2.A, pp. 336-337
(monitor and audit WMP
implementation);

Section 7.2.B, pp. 338-340
(WMP deficiencies);

Section 7.2.C, pp. 341-343
(monitor and audit
inspection effectiveness)

Section 7.3.4.14,

pp. 619-623 (quality
assurance and quality
control (QA/QC) for
inspections);

Section 7.3.5.13,
pp- 670-673 (QA/QC for
vegetation management)

Section 7.3.9.6,
pp. 809-810 (protocols to
learn from wildfire events)
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PACIFIC GAS AND ELECTRIC COMPANY
2022 WILDFIRE MITIGATION PLAN
SECTION 3
ACTUALS AND PLANNED SPENDING FOR MITIGATION PLAN
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3. Actuals and Planned Spending for Mitigation Plan
3.1 Summary of Wildfire Mitigation Plan Initiative Expenditures

Table 3.1-1 summarizes the projected costs (thousands of dollars) per year over the
3-year Wildfire Mitigation Plan (WMP) cycle, including actual expenditures for past
years. In Table 3.1-2, break out projected costs per category of mitigations, over the
3-year WMP plan cycle. In reporting “planned” expenditure, use data from the
corresponding year's WMP or WMP Update (i.e., 2020 planned expenditure must use
2020 WMP data). The financials represented in the summary tables below equal the
aggregate spending listed in the mitigations financial tablesreported quarterly.
Nothing in this document is required to be construed as a statement that costs listed
are approved or deemed reasonable if the WMP is approved, denied, or otherwise
acted upon.

TABLE 3.1-1:
SUMMARY OF WMP EXPENDITURES — TOTAL
(THOUSANDS OF DOLLARS)

Spend in thousands

Year of $USD
2020 Planned $3,224,295
2020 Actual $4,461,564
2020 Difference $(1,237,269)
2021 Planned $4,898,624
2021 Actual $4,797,380
2021 Difference $101,245
2022 Planned $5,963,795
2020-22 Planned $15,222,739
(With 2020 and 2021 Actual)
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(THOUSANDS OF DOLLARS)

TABLE 3.1-2:
SUMMARY OF WMP EXPENDITURES BY CATEGORY

2020 2021 2022 2020-2022
Planned
(w/2020 and
WMP Category Planned Actual Difference Planned Actual Difference Planned 2021 Actuals)
Risk and Mapping $5,311 $5,865 $(553) $6,841 $8,651 $(1,810) $7,804 $22,320
Situational Awareness 42,191 83,719 (41,528) 49,789 80,932 (31,143) 82,929 247,580
Grid Design and System Hardening 1,695,179 | 2,359,486 | (664,308) 2,641,561 2,381,681 259,880 3,134,808 7,875,976
Asset Management and 216,529 302,693 (86,164) 266,904 273,073 (6,169) 281,294 857,060
Inspections
Vegetation Management (VM) 846,018 | 1,422,090 | (576,073) 1,507,398 1,751,067 (243,668) 1,980,005 5,153,162
Grid Operations 244,065 112,819 131,245 192,059 87,173 104,885 258,000 457,993
Data Governance 90,975 58,094 32,881 147,362 95,272 52,090 97,822 251,187
Resource Allocation 2,148 7,091 (4,944) 7,121 10,001 (2,880) 9,774 26,866
Emergency Planning 44,619 53,936 (9,318) 26,341 54,401 (28,060) 56,693 165,030
Stakeholder Cooperation and 37,261 55,769 (18,509) 53,248 55,129 (1,880) 54,667 165,565
Community Engagement
Total $3,224,295 | $4,461,564 | $(1,237,269) | $4,898,624 | $4,797,380 | $101,245 $5,963,795 $15,222,739




PG&E is providing the following additional information regarding the financial
expenditure information provided above in Tables 3.1-1 and 3.1-2:

Tables 3.1-1 and 3.1-2 span multiple cost recovery mechanisms including the
General Rate Case (GRC), Transmission Owner (TO) rate case at the Federal
Energy Regulatory Commission (FERC), Catastrophic Event Memorandum Account
(CEMA), Fire Risk Mitigation Memorandum Account (FRMMA), Wildfire Mitigation
Plan Memorandum Account (WMPMA), Microgrid Memorandum Account (MGMA),
Emergency Consumer Protection Memorandum Account (ECPMA), Electric
Program Investment Charge (EPIC), and Wildfire Mitigation Balancing Account
(WMBA). Some of these costs have already been approved for inclusion in
customer rates and some of these costs are still pending review or approval through
cost recovery proceedings.

While the primary work performed for wildfire risk mitigation is in High Fire Threat
District (HFTD) areas, some work and financial costs associated with Non-HFTD
areas have been included in the WMP expenditure information.

Information regarding 20207 and 20218 “Planned” are from prior WMPs, which has
the prior assumptions on cost grouping by initiatives. This will result in some
differences from the 2020 and 2021 “Actual,” which is based on the current 2022
WMP view.

2022 “Planned” costs are PG&E’s best estimate for the proposed programs as of
February 25, 2022. Further changes to 2022 budgets and work plans are possible
and actual costs may vary substantially from these plans depending on actual work
completion, conditions, and requirements.

For the 2020 and 2021 “Actual” information, the population of work included in these
financial data sets is aligned to the 2022 WMP scope and list of initiatives.

Given program changes and as cost tracking evolves over time, high level
assumptions were made in some cases to recreate 2020 “Actual“ in the 2022 WMP
initiative view. For example, in some cases, where data is hard to identify or lack
granularity, we used 2021 or 2022 as proxies to recast for 2020.

The 2022 forecast, for the most part, is tied to the PG&E Budget, which could
include additional dollars for more work or units.

Numbers are derived from the 2020 WMP (First Quarterly Report submitted on
September 9, 2020).

Numbers are derived from the 2021 WMP-Revised (June 3, 2021).
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3.2 Summary of Ratepayer Impact

For each of the years in Table 3.2-1, report the actual and projected cost increases to
ratepayers due to utility related ignitions and wildfire mitigation activities engaged. For
past years below, account for all expenditures incurred in that year due to utility related
ignitions and wildfire mitigation activities. Below the table, describe the methodology
behind the calculations.

Table 3.2-1 below provides the average portion of a customer’s monthly bill related to
utility-related ignitions (Row 1) and wildfire mitigation activities (Row 2) for a typical
bundled residential non-CARE (California Alternate Rates for Energy) customer having
an average monthly usage of 500 kWh (kilowatt-hours). Following Table 3.2-1, we
provide an explanation concerning how the data in Table 3.2-1 was developed. Please
note that the numbers in Table 3.2-1 reflect the year-over-year increase in the portion of
a customer’s monthly bill that is funding mitigation activities that reduce the risk of
catastrophic wildfire risks or costs associated with utility-related ignitions.

TABLE 3.2-1:
WMP ELECTRICITY COST INCREASE TO RATEPAYERS

Annual Performance
Outcome Metric Actual Projected
Name 2017 2018 2019 2020 2021 2022 Unit(s)
Increase in $0.00 $0.00 $0.00 $0.00 $0.00 $0.44 Dollar value of
electric costs to 0.3% average monthly
ratepayer due to 7o rate increase
utility related attributable to
ignitions (total) utility-related
ignitions per year
(e.g., $0.44/month
on average in 2022
across customers
for utility-related
ignitions occurring
from 2017-in 2021)
Increase in $0.00 $0.00 $0.79 $1.67 $11.63 $6.13 Dollar value of
electric costs to average monthly
ratepayer due to 0.5% 1.1% 7.6% 3.7% rate increase
wildfire attributable to
mitigation WMPs per year
activities (total)

Note: PG&E understands that Table 3.2-1 should reflect year-over-year increases. Thus, the numbers
included show the increase in the portion of a customer’s monthly bill from one year to the next

associated with utility-related ignitions or wildfire mitigation activities.
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3.2.(a) Ratepayer Impact Due to Utility-Related Ignitions

This section addresses the first row in Table 3.2-1 regarding impacts from utility-related
ignitions. For the 5-year period from 2017-2021 included in Table 3.2-1, PG&E
reviewed wildfire response and recovery efforts where costs have been incurred and
identified. We also reviewed advice letters related to the wildfire events that are added

to the Wildfire Expense Memorandum Account (WEMA).9

For purposes of Table 3.2-1, PG&E is defining “utility-related ignitions” to be California
Public Utilities Commission (CPUC or Commission)-reportable utility-related fire
ignitions. This review resulted in the identification of 12 CPUC-reportable utility-related
fire ignitions:

e 2017 — Railroad Fire, Atlas Fire, Cascade Fire, Redwood Fire, and Nuns Fire
e 2018 — Camp Fire

e 2019 — Camino Fire, Bethel Island Fire, and Kincade Fire

e 2020 — Zogg Fire

« 2021 — Dixie Fire and Fly Fire.10

PG&E interprets the category of “increase in electric costs to ratepayers due to
utility-related ignitions” to include CEMA costs incurred for restoration activities during
these catastrophic events.11 These costs include repairing the damaged utility facilities
and replacing equipment to restore service to customers.

For the period of 2017-2021, PG&E incurred approximately $1.3 billion in expenditures
associated with these twelve utility-related ignitions. Excluding non-incremental
overheads and amounts disallowed as a result of the CPUC’s decision (Decision

(D.) 20-05-019) in the Order Instituting Investigation (Oll) into the 2017 Northern
California wildfires and the 2018 Camp fire, the recorded adjusted amount associated
with these twelve utility-related ignitions is $404 million for 2017-2021. None of these
costs are or have been reflected in CPUC-jurisdictional rates to date.

9  |n accordance with D.18-06-029 issued by the CPUC, PG&E notifies the Commission via
Tier 1 advice letter whenever a new event is added to the WEMA.

10 pG&E’s investigation of the Kincade, Zogg, Dixie, and Fly Fires is ongoing. PG&E has
included these fires for completeness because California Department of Forestry and Fire
Protection (CAL FIRE) has either announced its determination that PG&E’s facilities caused
the fire or CAL FIRE is still investigating the cause.

11 We have not included liability insurance costs for purposes of the ratepayer impact estimate
because we cannot quantify how much of these costs are due to utility-related ignitions. In
addition, we are not including third-party claims costs that would be recovered through
CPUC-jurisdictional rates as these costs may not be borne by customers. For example,
customer rates did not include any third-party claims costs related to the 2017 fires and the
2018 Camp Fire. The recovery of third-party claims costs related to other wildfires is still
uncertain and thus these costs are not included.
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For CPUC-jurisdictional rates, PG&E is currently seeking recovery of recorded costs
incurred through 2019 for the Camino Fire and Bethel Island Fire in the Wildfire
Mitigation and Catastrophic Events (WMCE) Application (A.) 20-09-019. A proposed
settlement agreement was filed in that proceeding in December 2021, which is pending
CPUC approval.

For FERC-jurisdictional rates, PG&E included external legal fees and third-party claims
costs for the Kincade Fire and the Zogg Fire in our Formula Rate Annual Update
submitted to FERC on December 1, 2021 for Rate Year 2022. PG&E began collecting

these costs in transmission rates on January 1, 2022.12

To calculate the ratepayer impact due to utility-related ignitions, we have included the
associated revenue requirement amounts described below.

1) Revenue requirement of $0.011 million related to the 2019 Camino Fire and Bethel
Island Fire included in the 2020 WMCE settlement described above. This revenue
requirement is assumed to impact customer rates beginning in June 2022 through
May 2024, consistent with the 2020 WMCE settlement agreement.

2) External legal fees and third-party claims costs of $44.5 million for the Kincade Fire
and the Zogg Fire in the FERC rate. Beginning on January 1, 2022, these costs are
being collected in electric transmission rates through the Formula Rate mechanism.

Table PG&E-3.2-1 summarizes the revenue requirement due to utility-related ignitions
occurring in 2017-2021.

TABLE PG&E-3.2-1:
REVENUE REQUIREMENT - UTILITY RELATED IGNITIONS
(MILLIONS OF DOLLARS)

2017 2018 2019 2020 2021 2022

Revenue Requirement $0.0 $0.0 $0.0 $0.0 $0.0 $45.0

As a result, PG&E has estimated that the average monthly bill impact from utility-related
ignitions costs occurring from 2017 through 2021 will be $0.44 in 2022. The bill impacts
reflected in Table 3.2-1 (Row 1) are not representative of the bill increases customers
will experience when these costs are implemented in rates. Rather, these bill impacts
represent the portion of the total bill that would be associated with utility-related
ignitions. The actual change to bills in any future period will depend on the changes in
the total authorized revenue requirement and electric sales at the time of
implementation.

12 pG&E’s inclusion of Zogg and Kincade fire related costs in the Annual Update has been
protested by parties and those protests are currently pending before FERC.
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3.2.(b) Ratepayer Impact Due to Wildfire Mitigation Activities

This section addresses the second row in Table 3.2-1 above regarding impacts from
wildfire mitigation activities. PG&E incurred approximately $13.4 billion in expenditures
associated with utility Wildfire Mitigation Plan (WMP) activities for the period of
2017-2021. These expenditures can be broadly categorized in five ways.

1)

2)

3)

4)

5)

Costs totaling approximately $4.7 billion related to the wildfire mitigation activities
approved in the 2017 GRC and the 2020 GRC, which include Enhanced Vegetation
Management, system hardening program, situational awareness and public safety
shut off program.

Costs totaling $3.9 billion recorded to the wildfire mitigation memorandum accounts
(WMP Memorandum Account and Fire Risk Mitigation Memorandum Account).
These costs include enhanced wildfire inspections, repair and replace, as well as
microgrid programs.

Costs totaling approximately $2.9 billion related to transmission facilities including
inspections of electric transmission facilities, system hardening, and enhanced
controls.

Costs totaling approximately $1.8 billion related to distribution base programs.
These costs are not included in the ratepayer impact calculations as these
programs are related to non-mitigation activities.

Costs totaling approximately $0.1 billion related to Butte Rebuild, Emergency
Consumer Protection Memorandum Account (ECPMA), and Electric Program
Investment Charge (EPIC), which will be collected in future rates pending

Commission approval of these programs through cost recovery proceedings.

Excluding non-incremental overheads and amounts disallowed as a result of the
Wildfire Oll D.20-05-019, the recorded adjusted amount for wildfire mitigation activities
is approximately $12.3 billion for the period of 2017-2021. The specific wildfire
mitigation activities reflected in existing rates are summarized below.

1)

2)

2017 GRC Decision (D.17-05-013) — Approved $13.8 million of capital expenditures
for electric distribution equipment replacement in 2019 for Tier 2 and 3 High
Fire-Threat Districts. This amount was collected in rates in 2019.

2020 GRC Decision (D.20-12-005) — Authorized PG&E to establish vegetation
management (VM) and wildfire mitigation balancing accounts. PG&E is authorized
to recover incurred costs up to the annual authorized cost cap of 120 percent for
VM and up to 115 percent for wildfire mitigation through a Tier 2 advice letter filing.
The following authorized amounts are included in existing rates or will be collected
in rates:

e 2020 - $657.6 million in expense for VM; $61.4 million in expense and
$603.3 million in capital expenditures for wildfire mitigation. These amounts are
amortized in customer rates beginning March 2021 until 2023.
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3)

4)

5)

6)

e 2021 - $723.4 million in expense for VM; $63.6 million in expense and
$930.9 million in capital expenditures for wildfire mitigation. These amounts are
collected in customer rates in 2021-2023.

e 2022 — $795.7 million in expense for VM; $57.4 million in expense and
$1,151.1 million in capital expenditures for wildfire mitigation. These amounts
are collected in customer rates in 2022 through 2023/2024.

2020 WMCE Application (A.20-09-019) — PG&E sought recovery of incremental
recorded costs for wildfire mitigation activities incurred through December 2019
totaling $1.603 billion in the 2020 WMCE Application. A proposed settlement
agreement was filed in that proceeding in December 2021 seeking approval of
$1.038 billion in revenue requirement and a proposed decision on the settlement
agreement is expected in the first quarter of 2022. For the bill impact calculation,
PG&E has reflected the Commission’s decision which granted an interim rate relief
of $447 million of revenue requirement, to be collected over a 17-month period from
January 2021 to May 2022. PG&E assumes the remaining revenue requirement
associated with these costs, once approved, will be collected in rates over a
24-month period from June 2022 to May 2024, consistent with the settlement
agreement.

PSPS Resiliency Strategies and Microgrid Order Instituting Rulemaking
(Rulemaking 19-09-009) — PG&E incurred approximately $137 million in expense
and $20 million in capital incremental costs in 2020 and approximately $127 million
in expense and $17 million in capital incremental costs in 2021 associated with the
Microgrids program tracked in the Microgrids Memorandum Account. These costs
are related to the make-ready program, temporary generation program, and
community microgrid enablement program. PG&E sought recovery of the 2020
recorded costs in the 2021 WMCE Application (A.21-09-008), which was filed in
September 2021. None of these costs are or have been reflected in rates to date.

2018 CEMA Application (A.18-03-015) — PG&E recorded $541 million of tree
mortality and fire risk reduction expense incurred for the period of 2016 through
2019. PG&E sought recovery of 2016-2019 tree mortality expense in A.18-03-015.
A proposed settlement agreement was filed in that proceeding in November 2021.
The interim 2018 CEMA revenue requirement of $373 million authorized in
D.19-04-039 associated with the 2016 and 2017 CEMA costs was fully collected in
rates in 2019 and 2020. Of this interim rate relief amount, we assume $257 million
is related to the recovery of the tree mortality and fire risk reduction expense. The
remaining revenue requirement amount, following a final decision in that
proceeding, is assumed to go into rates in 2022 and 2023.

FERC Formula Rate — PG&E incurred approximately $2.9 billion of expenditures for
the period of 2017-2021, net of Wildfire Oll disallowances (D.20-05-019), related to
electric transmission wildfire mitigation activities. These costs will be recovered
under the FERC Formula Rate mechanism. Our FERC rates are established
through a Formula Rate annually (i.e., for a Rate Year) using actual costs data from
the period two years prior to the Rate Year (i.e., 2017 actual costs are used for Rate
Year 2019). For Operations and Maintenance expenses, the following amounts
were included in rates:
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o Rate Year 2019 — $0

e Rate Year 2020 — $16.6 million

o« Rate Year 2021— $594.1 million

e Rate Year 2022 — $396.1 million

For capital costs, PG&E has included:
o Rate Year 2019 — $0

o Rate Year 2020 — $20.3 million

o Rate Year 2021 — $232.5 million

o Rate Year 2022 — $649.0 million

To develop an estimate of the ratepayer impact due to utility wildfire mitigation activities,
PG&E converted the expenditures to revenue requirement from various decisions and
applications discussed above. We have factored in cost of capital, depreciation,
Assembly Bill 1054 equity rate base exclusion and other parameters in the revenue
requirement calculation through 2022. We estimate a total revenue requirement of
approximately $3.9 billion through 2022 associated with the $11.6 wildfire mitigation
expenditures described above.

Table PG&E-3.2-2 below summarizes the revenue requirement by year for 2017
through 2022 due to wildfire mitigation activities.

TABLE PG&E-3.2-2:
REVENUE REQUIREMENT - WILDFIRE MITIGATION ACTIVITIES
(MILLIONS OF DOLLARS)

2017 2018 2019 2020 2021 2022

Revenue $0.0 $0.0 $51.4 $223.0 $1,467.3 $2,129.1
Requirement

As described above, PG&E has made certain assumptions on the cost recovery periods
in order to calculate monthly bill impacts through 2022 associated with wildfire mitigation
activities. For costs that have been approved to go into rates, PG&E has reflected the
recovery period as outlined in the decision. For costs contained in applications that
have already been filed, PG&E has reflected the cost recovery periods proposed in
those applications or subsequent settlement agreements. As a result, PG&E has
estimated that the year over year increase in the portion of a customer’s monthly bill
that is funding wildfire mitigation activities occurring from 2017 through 2021 was $0.00
in 2017, $0.00 in 2018, $0.79 in 2019, $1.67 in 2020, $11.63 in 2021, and $6.13 in
2022. The actual change to bills in any future period will depend on the changes in the
total authorized revenue requirement and electric sales at the time of implementation.
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4. Lessons Learned and Risk Trends

4.1 Lessons Learned — How Tracking Metrics on the 2020 and 2021 Plans
Informed the 2022 Plan Update

Describe how the utility’s plan has evolved since the 2020 Wildfire Mitigation Plan
(WMP) and 2021 WMP Update submissions. Outline any major themes and lessons
learned from the 2020 and 2021 plans, and subsequent implementation of the
initiatives. In particular, focus on how utility performance against the metrics used has
informed the 2022 WMP Update. Include an overview map of the utility’s service
territory. If any of the lessons learned are derived from data, include visual/graphical
representations of this/these lesson(s) learned.

At a high level, the lessons learned in 2021 from implementation of the 2021 WMP
involve three key themes:

o Continued safety focus — We are continuing to reinforce and expand our situational
awareness, customer outreach and support, and refine operational practices to both
reduce wildfire potential and the customer impacts of our mitigation programs.

e Coordination and knowledge sharing — We are enhancing our risk modeling, fire
consequence modeling, operational practices, and reporting (e.g., remediations for
tracking and reporting identified by the California Public Utilities Commission (CPUC
or Commission)), and working in coordination with our peer California utilities,
academic community, industry experts, regulators, and other external partners.

o Refine focus areas to most effective core programs — We are continuing to evaluate
the anchors of our Wildfire Mitigation work from system hardening and Enhanced
Vegetation Management (EVM) and new programs such as Enhanced Powerline
Safety Settings (EPSS) and undergrounding, driven by our analysis of risk reduction
and the balance towards faster implementation and more permanent mitigation
considering continuing challenges with climate change.

In addition to these high-level lessons learned, there were also a number of specific
situations that resulted in lessons learned and actions taken to address those lessons.
In our 2021 Revised WMP, we described lessons learned for five areas and our

approach in 2021 for addressing these lessons learned.13

Below, we summarize our progress in 2021 on these 2020 lessons learned. We are
also providing a summary of lessons learned in 2021 in a number of different areas and
on a number of different issues, and how these lessons have informed our 2022 WMP.

Finally, in response to the request for an overview map of PG&E’s service territory, we
are providing Figure PG&E-4.1-1 below, which outlines PG&E’s service territory, as well
as the High Fire Threat District (HFTD) Tier 2 (orange) and Tier 3 (red) areas.

13 2021 Revised WMP, pp. 46-50.
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FIGURE PG&E-4.1-1:
PG&E SERVICE TERRITORY AND TIER 2 AND TIER 3 HFTD AREAS

-50-



The remainder of this section includes:

Subsection (a): 2020 Lessons Learned and 2021 Progress

Subsection (b): Lessons Learned from Enhanced Oversight and Enforcement
Process (EOEP)

Subsection (c): Lessons Learned from Self-ldentified Issues

Subsection (d): Lessons Learned from the 2020 WMP Independent Evaluator
(IE) Report

Subsection (e): Lessons Learned from EPSS Implementation

Subsection (f): Lessons Learned Regarding Environmental Remediation

Subsection (q): Lessons Learned from Streamlining the 2022 WMP and

Initiative Targets
(a) 2020 Lessons Learned and 2021 Progress

The 2021 WMP identified five areas for lessons learned in 2020: (1) EVM risk
prioritization; (2) system inspection prioritization and execution; (3) vegetation
management quality improvements; (4) risk modeling improvements; and (5) Public
Safety Power Shutoff (PSPS) improvements. We made substantial progress on each of
these areas in 2021 and plan to continue that progress in 2022. A brief description of
the progress in each area is provided below:

o« EVM Risk Prioritization — In 2021, we used the 2021 Wildfire Distribution Risk Model
(WDRM) v2 and supplemented it with the most up-to-date LIDAR and inspection
data and developed the 2021 EVM Scope of Work to prioritize the highest risk
circuit segments (also referred to as circuit protection zones or CPZs). At a high
level, the risk prioritization process for EVM in 2021 is reflected in Figure
PG&E-4.1-2 below.
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FIGURE PG&E-4.1-2:
DEVELOPMENT OF RISK PRIORITIZED 2021 EVM SCOPE OF WORK

As a result of this prioritization, PG&E performed almost 98 percent of our EVM
work in 2021 on the top 20 percent of the highest risk circuit segments. For more
information on our EVM Program see subsection (b) below and Section 7.3.5.2.

System Inspection Prioritization and Execution — In 2021, PG&E’s Asset Strategy
groups developed playbooks to perform a full review of assets to validate that
system inspections in the highest risk areas were prioritized for inspection before
late summer peak of wildfire season. We also updated our asset records in our
Asset Registry, including the work down of our as-built and mapping corrections
backlog, to ensure that they are being assigned to prioritized maintenance plans.
For more information on our System Inspection program improvements, see
Section 7.3.4.3. PG&E continues to improve our timeliness of technology updates
to align with training schedules and the start of inspection schedules.

Vegetation Management Quality Improvements — In 2021, we significantly
increased resources to validate the quality of vegetation management work,
including adding contract resources and internal Work Verifiers, the creation of the
Quality Control group to focus on active field observations, and an increase in
Senior Vegetation Management Inspectors to provide additional real-time safety
and compliance support in the field. For more information on our Vegetation
Management Quality improvements, see Section 7.3.5.6.

Risk Modeling Improvements — PG&E continued to improve our risk modeling
capabilities, including implementing automated data intake, improved code
execution and model spatial views, and post-model steps to workplan development.
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These improvements now provide a repeatable and more transparent set of tools
with which to use and review model results. Finally, improved data has refined the
predictive power of the wildfire risk models. To improve the predictive power of the
wildfire risk models, we have updated asset failure and ‘risk events’ data sets with
another year of training data and improved data sets that characterize asset and
climate conditions such as LIDAR, inspection data, meteorology, fuels, and soils.
For more information on our risk modeling improvements, see Section 4.5.1.

e PSPS Improvements — In 2021, we implemented new PSPS protocols and
processes that impacted the scoping of PSPS events and continued to implement
programs that reduce the customer impacts of these events. These improvements
resulted in better balancing the benefits of mitigating wildfire risks against the
customer impacts from a PSPS event. Our improvements focused on the following
areas: (1) meteorology modeling and distribution scoping improvements;

(2) transmission scoping protocols; (3) risk-benefit tool; (4) mitigation initiatives;
(5) re-energization strategy and protocols; and (6) programmatic improvements in
communication, resources, and assistance to impacted customers and
communities. For more information on our PSPS program improvements, see
Section 8.1.

b. Lessons Learned from EOEP

In Resolution (Res.) M-4852, the CPUC placed PG&E in Step 1 of its EOEP process
because of “insufficient progress with risk driven mitigation efforts”, specifically with

regards to EVM.14 On May 6, 2021, in response to CPUC direction, we submitted our
EVM Corrective Action Plan (CAP).15 The EVM CAP specifically addressed
shortcomings the CPUC identified in our EVM Program regarding risk prioritization of
work. The EVM CAP included a detailed discussion of how PG&E will prioritize the
highest risk circuit segments for work in 2021.16 PG&E has provided three 90-Day
Update reports to the CPUC regarding our progress on EVM work in 2021, as well as
our 2022 EVM workplan.17 PG&E has also participated in two CPUC-sponsored
workshops regarding the EVM CAP.

Relevant to this section of the 2022 WMP, the EVM CAP included four lessons learned
from 2020 regarding the EVM Program and specific actions that PG&E had

implemented in 2021 to address these issues.18 In summary, in our EVM CAP we
identified lessons learned and remedies for each lesson learned concerning: (1) risk

14 Res.M-4852 atp. 1.

15 Enhanced Oversight and Enforcement Process Corrective Action Plan, submitted May 6,
2021 (EVM CAP).

16 EVM CAP, pp. 11-15.

17 See 90-Day Reports submitted by PG&E on August 4, 2021,
pdfa_planofreorganizationoii-2019 report-pge 20210804-public.pdf (ca.gov), November 4,
2021 (Attachment 2022-02-25_PGE_2022_WMP-Update_RO_Section 4.1_Atch01), and
February 2, 2022 (Attachment 2022-02-25 PGE_2022 WMP-Update_RO0_Section
4.1_Atch02).

18 EVM CAP, p. 7.
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prioritization of EVM work; (2) consistency and clarity as to risk modeling used to inform
EVM work; (3) goals focused on performing the highest risk work; and (4) centralized
decision making and oversight regarding EVM work through the Wildfire Risk
Governance Steering Committee (WRGSC). The EVM CAP provides more detail about
each of these four lessons learned and changes that we implemented in 2021 to

address these lessons learned.19
c. Lessons Learned from Self-ldentified Issues

During 2021, PG&E submitted several notices to the CPUC regarding issues that we
had self-identified. Some of these self-identification notices included lessons learned
and PG&E’s plans to address those lessons learned. In this section of the 2022 WMP,
we are providing a summary of the lessons learned in the self-identification notices and
references to materials that have more detailed discussions of the lessons learned and
corrective actions taken.

On March 4, March 12, and May 20, 2021, PG&E identified issues related to enhanced
inspections of hydroelectric substations in 2020. In our May 20, 2021 letter, we
described corrective actions regarding our substation inspection process going forward
including clear roles and responsibilities, a comprehensive inventory with programmatic
oversight, a comprehensive and auditable maintenance and inspection program, and
issues related to our ongoing CAP Program. PG&E’s implementation of these

corrective actions is described in more detail in the May 20, 2021 letter.20

On May 7, 2021, PG&E identified issues related to General Order (GO) 165 and WMP
enhanced inspections for electric distribution poles. We indicated that certain GO 165
inspections had not occurred within the required compliance time and that certain poles
in Tier 3 areas had not been inspected consistent with our 2020 WMP. In our
self-identification letter, we provided a gap analysis and CAP including performing the
required inspections, implementing controls for our inspection program, and
strengthening our asset registry. PG&E’s implementation of these corrective actions is

described in more detail in the May 7, 2021 letter.21

On June 1, 2021, we self-identified issues related to accounting for the number of
weather stations and high-definition cameras in prior WMPs. We indicated that some of
the numbers in our WMP needed to be corrected and provided updated numbers. In
our November 1, 2021 Progress Report, for Remedy PG&E-21-08, we indicated that as
a result of lessons learned from this self-identified issue we have instituted
“standardized counting procedures and the development of detailed WMP reporting and

19 |q.

20 see Letter from Debbie Powell to Caroline Thomas Jacobs and Leslie Palmer dated
May 20, 2021, pp. 3-4.

21 gee Letter from Debbie Powell to Caroline Thomas Jacobs and Leslie Palmer dated May 7,
2021, pp. 4-5.
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confirmation requirements across the entire Community Wildfire Safety Program
portfolio to eliminate any future reporting ambiguity.”22

d. Lessons Learned from the 2020 WMP IE Report

On June 30, 2021, Bureau Veritas North America (BV) issued its Final Independent
Evaluator Annual Report on Compliance for the 2020 WMP (2020 WMP |E Report).
PG&E provided our response to the 2020 WMP IE Report on August 16, 2021 (PG&E
IE Report Response). The 2020 WMP |IE Report described audits of PG&E and
recommended areas of improvement in areas such as EVM, VM tag procedures, pole
inspections, weather stations, High Definition cameras, fuse replacement installations,
and sectionalizing devices. PG&E addressed these audit findings and provided our
comments regarding areas for improvement in the PG&E |IE Report Response.23 For
example, we addressed locations that BV indicated vegetation management work was
not in compliance with our standards, corrected field records with prepopulated data for
pole inspections, and performed field verifications of conditions identified in the 2020
WMP |E Report. These lessons learned and improvements that PG&E is planning to
make are described in more detail in the PG&E |IE Report Response.

e. Lessons Learned from EPSS Implementation

We implemented our EPSS program in 2021 by setting devices with faster trip settings
and higher impedance fault detection. This allowed our equipment to automatically turn
off more quickly if the system detected a problem, such as an object striking an
overhead line. The EPSS program had significant benefits including an 80 percent
reduction in CPUC-reportable ignitions on EPSS-enabled circuits as compared to a
3-year average. However, while EPSS significantly reduced ignition risk, it also
adversely impacted customer service as a result of increased outages. We received
feedback from customers and communities regarding the impact of EPSS. Some of the
lessons learned from the initial EPSS program implementation include:

o Better defining and managing risk-informed criteria for where and when to enable
EPSS and establishing more localized thresholds for activation and shut-off of
EPSS devices

e Developing more optimized circuit settings

e Improving outage response times

o Centralizing data and reporting across enabled processes, systems, and tools
« Proactive customer engagement and outreach regarding EPSS

e Ongoing and regular reporting regarding EPSS impacts

22 pacific Gas and Electric Company’s Submission of 2021 Wildfire Mitigation Progress
Report, dated November 1, 2021, p. 22 (Progress Report).

23 pG&EIE Report Response, pp. 4-8.
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f. Lessons Learned Regarding Environmental Remediation

In our Progress Report, we described lessons learned regarding environmental

remediation.24 With regards to working with agencies and local and state governments,
we are continuing our work to obtain additional programmatic permits/agreements due
to the success we have seen with our current agreements. This programmatic
approach has provided a clear strategy for agencies, local and tribal governments, and
PG&E to process the substantial amount of work around wildfire mitigation and system
hardening. Through the development of these agreements, we have created
standardization around work notification packages and nomenclature to describe the
work. These agreements have also allowed us to help address the resource shortfall
with many of these agencies and governments, by creating reimbursable agreements.
The reimbursable agreements allow for the agencies and governments to hire additional
staff to address PG&E’s workload. These agreements have also created a more
constructive and collaborative relationship between our agency and government
partners and PG&E as there is more engagement between PG&E and our agency and
government partners’ leadership. This enables us to work through challenges when
they arise due to the stronger lines of communication that have been built in the
development and rollout of these agreements.

g. Lessons Learned from Streamlining the 2022 WMP and Initiative Targets

Since the WMP process began, the complexity and scope of the WMPs has expanded
significantly. We are mindful of Energy Safety’s direction to streamline WMP reporting
and so, in the 2022 WMP we developed a template for each initiative in Section 7.3 so
similar information is provided for each Initiative.

In addition, in preparing our 2022 WMP, we also benchmarked against Southern
California Edison Company’s (SCE) and San Diego Gas & Electric Company’s
(SDG&E) 2021 WMPs. Specifically, we reviewed the number of initiative targets that
SCE and SDG&E adopted and reported on in their 2021 WMPs, as well as the overall
length and structure of their WMPs. This was helpful to better align with the utilities on
our approach to initiative targets.

As a result of these efforts, we have reduced the number of our initiative targets. We
have identified our quantitative and qualitative Initiative Targets for 2022 in

Tables 5.3-1(a) and 5.3-1(b), respectively. The Initiative Targets are also repeated in
the specific initiative descriptions in Section 7.3. We believe that these changes are
consistent with Energy Safety’s direction regarding streamlining the 2022 WMP.

24 Progress Report, p. 74.
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4.2 Understanding Major Trends Impacting Ignition Probability and Wildfire
Consequence

Describe how the utility assesses wildfire risk in terms of ignition probability and
estimated wildfire consequence, including use of Multi-Attribute Risk Score (MARS) and
Multi-Attribute Value Function (MAVF) as in the Safety Model and Assessment
Proceeding (S-MAP)25 and Risk Assessment Mitigation Phase (RAMP), highlighting
changes since the 2020 WMP and 2021 Update. Include description of how the utility
distinguishes between these risks and the risks to safety and reliability. List and
describe each “known local condition” that the utility monitors per GO 95, Rule 31.1,
including how the condition is monitored and evaluated.

We substantially updated our wildfire risk modeling and risk assessment tools in for the
2021 WMP and intend to continue to make improvements in 2022. Section 4.5.1
provides an overview of the updated risk models that we will be using in 2022, as well
as our process for evaluating and validating these models. This Section 4.2 explains
the use of established risk modeling tools (i.e., MAVF and MARS), explains PG&E’s
Bow Tie analysis, describes how PG&E distinguishes between wildfire risks and other
safety and reliability risks, and describes known local conditions.

(a) Use of MAVF and MARS

Pursuant to Decision (D.) 18-12-014, PG&E implemented the S-MAP Settlement
Agreement in 2019, including the development of an MAVF and Risk Bow Tie for
Wildfire analysis. PG&E employs an MAVF to combine all potential consequences of
the occurrence of a risk event and create a single measurement of value known

internally as MARS.26 An MAVF consists of the following components:
o Attributes

« Ranges

o Natural Units

« Weights

e Scaling Function

D.18-12-014 also provides six principles to use in determining the MAVF components:
Attribute Hierarchies, Measured Observations, Comparison, Risk Assessment, Scaled
Units, and Relative Importance.

25 Updates to S-MAP are currently being considered in Rulemaking (R.) 20-07-013 — Order
Instituting Rulemaking to Further Develop a Risk-based Decision-making Framework for
Electric and Gas Utilities.

26 D.18-12-014, p. 17, 2018 S-MAP Revised Lexicon: MAVF.
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The key components of the MAVF that PG&E used for assessing wildfire related risks,
and how we adhere to the principles, are shown in Table PG&E-4-2.1 below and are
described in the discussion following the table.

TABLE PG&E-4.2-1:
KEY COMPONENTS OF MAVF

Scaling
Attribute Range Natural Units Weight | Function
Safety 0-100 Equivalent Fatalities (EF)/Event 50% | Non-Linear
Electric Reliability |0 — 4 Billion | Customer Minutes Interrupted 20% | Non-Linear
(CMI)/Event
Gas Reliability 0 —750,000 | Customers affected/event 5% | Non-Linear
Financial® 0 — $5 Billion | $/event 25% | Non-Linear
(a) Pursuant to D.18-12-014 and D.16-08-018, utility shareholders’ financial interests are
to be excluded from the General Rate Case (GRC) and RAMP risk evaluation and
risk mitigation considerations.

e Ranges — Pursuant to D.18-12-014, the smallest observable value of an Attribute is
the low end of the range, and the largest observable value is the high end of the
range. PG&E interprets the largest observable value to be a reasonable value
informed by historical events and plausible large consequence scenarios. In our
analysis and risk framework, event consequences are not capped at the high end of
the range, but rather, the range is a specification required in setting the MAVF
weights.

- The high end of the Safety Attribute Range, set to 100, is an order of magnitude
value informed by recent events.

-~ The high end of the Electric Reliability Range (4 Billion CMI) was based on the
most severe reliability impact from a single event of 3.6 billion CMI from the
October 26, 2019 PSPS event.

- The Gas Reliability high end is based on a scenario of an outage at a critical
gas facility.

- The Financial Attribute’s high end represents a financial loss commensurate
with an Energy Crisis - type event.

e Natural Units — EF is defined as the sum of Public, Employee and Contractor
Fatalities and Serious Injuries per event occurrence. Serious Injuries are defined as
situations that require hospitalization of an individual pursuant to existing Federal

-58-



and State reporting guidelines.27 Fatalities and Serious Injuries are converted to
EFs using the multiplicative factors 1.00 and 0.25, respectively. The conversion
rate from Serious Injury to EF is based on information available from Federal

sources.28

« Weights — Attribute Weights were assigned to reflect a relative importance of
moving each Attribute from its least desired level (i.e., Upper Bound) to its most
desirable level (i.e., zero), following the MAVF Principle 6 — Relative Importance.29
For example, the Attribute Weights reflect PG&E’s view that it is twice as valuable to
move the Safety Attribute from 100 to O EFs as it is to move the Financial Attribute
from $5 billion to $0. Assigning 50 percent weight to the Safety Attribute is in line
with PG&E’s emphasis on safety and is also consistent with the S-MAP Settlement

Decision’s requirement for a minimum 40 percent weighting for Safety.30

e Scaling Function — The Non-Linear Scaling Function is used to convert each
Attribute from its Natural Unit to Scaled Units.31 It consists of the following
segments, with each segment intended to represent events that are either
operational (i.e., encountered in the course of regular operations), critical or
catastrophic.

—  For natural units from 0 to 1 percent of the Range (operational/moderate
events): Linear function from 0 to 0.1 Scaled Units.

- For natural units from 1 percent to 10 percent of the Range (critical events):
Quadratic function from 0.1 to 5 Scaled Units.

—  For natural units from 10 percent to 100+ percent of the Range (catastrophic
events): Linear function from 5 to 100+ Scaled Units.

For the 2022 WMP, PG&E has changed the MAVF Scaling Function by removing the
cap on Scaled Units.

D.18-12-014 directs utilities to use Expected Value when calculating the Consequence
of Risk Event (CoRE) and use the scaling function to capture aversion to extreme

27 Ppipeline and Hazardous Materials Safety Administration§191.3 Definitions: Incident (see
also: 49 CFR § 191.3 - Definitions. | CFR | US Law | LIl / Legal Information Institute

(cornell.edu).

28 gee “Treatment of the Values of Life and Injury in Economic Analysis,” Table 2-3, Federal
Aviation Administration (FAA) Office of Aviation Policy and Plans, Updated September
2016, (available at:
https://www.faa.gov/regulations_policies/policy guidance/benefit_cost/media/econ-value-
section-2-tx-values.pdf.

29 D .18-12-014, Attachment A, Step 1A, No 7. MAVF Principle 6 —Relative Importance.
p. A-6.

30 D.18-12-014, p. 66.

31 D.18-12-014, pp. 17-18; 2018-S-MAP Revised Lexicon: Scaled Unit of an Attribute: a
value that varies from 0 to 100.
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outcomes or indifference over a range of outcomes. Under PG&E’s Non-Linear Scaling
Function, the risk score, as measured by Scaled Units, will be low for operational
events, but increases quadratically as critical events approach catastrophic (but low
probability) levels. Once catastrophic levels are attained the function assigns 10 times
higher score for each potential increase in Natural Units when compared to operational
events. This captures aversion to critical and catastrophic outcomes and gives higher
priority to controls and mitigations that affect them.

In PG&E’s risk modeling, Attribute levels (e.g., the financial consequence of a risk
event) are assumed to be uncertain and are represented by well-defined probability
distributions. PG&E uses Monte Carlo simulations of risk events based on these
probability distributions to generate consequence levels in Natural Units, convert
Natural Units into Scaled Units using the Range and Scaling Function. The Expected
Value of Scaled Units are then used to compute Attribute CoRE by applying the
Attribute Weights and Scaler of 1000. Then Attribute CoRE values for each Attribute
are summed together to derive CoRE. CoRE values are then multiplied to Frequency of
a Risk Event to get Risk Scores, consistent with the Risk Assessment principle.

Overall, the S-MAP conforming risk assessment methodology has not changed
substantially since the 2021 WMP. However, there have been a few important changes
to the Wildfire Bow Tie analysis including:

o HFTD Distribution tranches were updated to incorporate the circuit segment and
HFTD Tier level results of the 2021 WDRM v2 to provide more granularity in the risk
assessment,

e The impact of climate change was assumed to amplify the consequence of all
ignitions rather than increase the percentage of ignitions occurring when a Red Flag
Warning (RFW) is in place.

These changes are described in more detail in Subsection (b) below.
(b) Wildfire Risk Assessment and Bow Tie Analysis
Consistent with D.18-12-014, PG&E assesses wildfire risk and estimated wildfire

consequences in a Bow Tie analysis. The updated Bow Tie analysis provides the risk
scores by drivers for 2022 which are reflected in Table PG&E-4.2.2.
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TABLE PG&E-4.2-2:
WILDFIRE RISK DRIVERS

Wildfire Risk Score for 2022

HFTD Non-HFTD
Distribution Transmission Substation HFTD Distribution Transmission Substation Non-HFTD Grand
Drivers Total Total Total
Vegetation Contact 14,019 130 0 14,148 95 0 95 14,243
Equipment / facility failure 7,452 296 14 7,762 112 2 0 114 7,876
Contact from object 668 299 967 A0 3 43 1,010
Wire-to-wire contact 322 322 1 1 322
Unknown 187 25 212 4 o 4 216
Other 127 8 135 1 1 136
Utility work / Operation 23 23 0 1] 23
Vandalism / Theft 6 g 15 1 0 1 15
Contamination 14 14 1 4] 1 15
CC - Seismic Scenario 10 10 0 0 10
Grand Total 22,827 766 14 23,608 255 5 0 260 23,868
% Risk
HFTD Non-HFTD
Distribution Transmission Substation HFTD Distribution Transmission Substation Non-HFTD Grand
Drivers Total Total Total
Vegetation Contact 58.7% 0.5% 0.0% 59.3% 0.4% 0.0% 0.0% 0.4% 59.7%
Equipment [ facility failure 31.2% 1.2% 0.1% 32.5% 0.5% 0.0% 0.0% 0.5% 33.0%
Contact from object 2.8% 1.3% 0.0% 4.1% 0.2% 0.0% 0.0% 0.2% 4.2%
Wire-to-wire contact 1.3% 0.0% 0.0% 1.3% 0.0% 0.0% 0.0% 0.0% 1.4%
Unknown 0.8% 0.1% 0.0% 0.9% 0.0% 0.0% 0.0% 0.0% 0.9%
Other 0.5% 0.0% 0.0% 0.6% 0.0% 0.0% 0.0% 0.0% 0.6%
Utility work / Operation 0.1% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.1%
Vandalism / Theft 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.1%
Contamination 0.1% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.1%
CC - Seismic Scenario 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Grand Total 95.6% 3.2% 0.1% 98.9% 1.1% 0.0% 0.0% 1.1% 100.0%
Baseline Frequency for 2022
HFTD Non-HFTD
Distribution Transmission Substation HFTD Distribution Transmission Substation  Non-HFTD Grand
Drivers Total Total Total
Equipment / facility failure 238 3 0 32 139 2 0 141 173
Contact from object 22 6 28 101 7 108 136
Vegetation Contact 74 1 1] 74 61 1] 61 135
Unknown 6 0 6 10 1 11 17
Wire-to-wire contact 9 9 1 1 10
Other 3 1] 3 4 4 7
Vandalism / Theft 0 0 0 2 0 2 2
Contamination 1] 0 1 1] 2 2
Utility work / Operation 1 1 0 1] 1
CC - Seismic Scenario 1] 0 0 0 0
|Grand Total 143 10 0 153 319 11 0 330 483
% Frequency
HFTD Non-HFTD
Distribution Transmission Substation HFTD Distribution Transmission Substation Non-HFTD  |Grand
Drivers Total Total Total
Equipment / facility failure 5.8% 0.7% 0.0% 6.6% 28.7% 0.4% 0.1% 29.2% 35.8%
Contact from object 4.5% 1.2% 0.0% 5.7% 20.9% 1.5% 0.0% 22.1% 28.1%
Vegetation Contact 15.2% 0.1% 0.0% 15.3% 12.6% 0.0% 0.0% 12.6% 27.9%
Unknown 1.2% 0.1% 0.0% 1.3% 2.1% 0.1% 0.0% 2.2% 3.6%
Wire-to-wire contact 1.8% 0.0% 0.0% 1.8% 0.3% 0.0% 0.0% 0.3% 2.0%
Other 0.6% 0.0% 0.0% 0.7% 0.7% 0.0% 0.0% 0.7% 1.4%
Vandalism / Theft 0.1% 0.0% 0.0% 0.1% 0.4% 0.0% 0.0% 0.4% 0.5%
Contamination 0.1% 0.0% 0.0% 0.1% 0.3% 0.1% 0.0% 0.4% 0.5%
Utility work / Operation 0.2% 0.0% 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 0.2%
CC - Seismic Scenario 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
|Grand Total 29.5% 2.2% 0.0% 31.7% 66.0% 2.2% 0.1% 68.3% 100.0%|

Table PG&E-4.2-2 shows that:
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e 95.6 percent of Wildfire Risk comes from HFTD distribution

o 3.2 percent of the Wildfire Risk comes from HFTD transmission
o 59.7 percent of the risk is from vegetation contact

e 33.0 percent of the risk is from equipment / facility failure

It also shows that the vegetation contact driver is the highest contributor for the risk for
HFTD distribution but equipment / facility failure driver is higher contributor for
transmission and non-HFTD distribution. Figures PG&E-4.2-1, PG&E-4.2-2, and
PG&E-4.2-3 show associated Bow Tie visuals for the PG&E electric service territory,
HFTD distribution, and HFTD transmission, to show breakdown of risk score as
multiplication of frequency and consequence for different driver and outcome.

FIGURE PG&E-4.2-1:
WILDFIRE RISK BOW TIE ANALYSIS
(PG&E SERVICE TERRITORY; OVERHEAD CIRCUITS ALL VOLTAGE CLASSES)

Drivers Outcomes

Exposure
Freq (Events/¥r)|  %Freq| % Risk CoRE| %Freq | %Risk
Vegetation Contact 135 | 28%| 60% h:”es Red Flag Warning - Catastrophic Fires 14,146  0.3% | 84%
Equipment / facility failure 173 | 36%| 33% Red Flag Warning - Destructive Fires 8,808 00% | 8%
Contact from object 136 | 28%| 4% Non-Red Flag Warning - Catastrophic Fires 14,146  0.0% | 5%

Wire-to-wire contact 10 | 2% 1% Non-Red Flag Warning - Destructive Fires 8,808 0.0% | 3%

Unknown 17 | 4% 1% Non-Red Flag Warning - Small Fires 01 91.7% | 0.14%

Other 7 1% 1% Non-Red Flag Warning - Large Fires 5| 05% | 005%

Utility work / Operation 1] 0% 0% Seismic - Red Flag Warning - Catastrophic Fires 21,084] 00% | 0.04%

Vandalism / Theft 2| 05%| 0% Red Flag Warning - Large Fires 5| 03% | 003%

Contamination 2| 05%] 0% paselina Red Flag Warning - Small Fires 01 72% | 0.01%
Risk Score

CC - Seismic Scenario 0] 00%| 0% for 2022 Seismic - Non-Red Flag Warning - Catastrophic Fires 21,084 00% | 0001%

Aggregated 483 | 100.0%| 100% 23 !868 ggregated 49 | 100% | 100%
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FIGURE PG&E-4.2-2:
WILDFIRE RISK BOW TIE ANALYSIS
(PG&E HFTD ONLY; DISTRIBUTION VOLTAGE OVERHEAD CIRCUITS)

Drivers

Freq (Events/Yr]| % Freq| % Risk CoRE| %Freq | FRisk

Exposure
74| 52%| 60% : Red Flag Warning - Catastrophic Fires 14,146 1.0% | 84%

25,462
Equipment / facility failure 28 | 20%| 33% M Red Flag Warning - Destructive Fires 8,808 01% | 8%
22 | 15%| 4% Non-Red Flag Warning - Catastrophic Fires 14,146 0.1% | 5%
9] 6% 1% Non-Red Flag Warning - Destructive Fires 8,808 01% | 3%
6| 4% 1% Non-Red Flag Warning - Small Fires 01| 860% | 004%
3 2% 1% Non-Red Flag Warning - Large Fires 5 05% | 0.02%
Utility work / Operation 1] 1%| 0% Seismic - Red Flag Warning - Catastrophic Fires 21,084| 00% | 004%
Vandalism / Theft 0| 02% 0% Red Flag Warning - Large Fires 5 08% | 0.03%
0] 03%| 0% gaseline Red Flag Warning - Small Fires 01 114% | 001%

Risk Score
0] 00% 0% for 2022 Seismic - Non-Red Flag Warning - Catastrophic Fires 21,084] 00% | 0.001%
143 | 1000%| 100% 22 !827 ggregated 160 | 100% | 100%

FIGURE PG&E-4.2-3:
WILDFIRE RISK BOW TIE ANALYSIS
(PG&E HFTD ONLY; TRANSMISSION VOLTAGE OVERHEAD CIRCUITS)
Drivers

Freq [Events/¥r]| % Freq| %Risk CoRE| %Freq | HRisk

Exposure
1] 5%| 60% 5 866 Red Flag Warning - Catastrophic Fires 14146] 04% | T4%

’
. . . Miles . .
Equipment / facility failure 3 32%| 33% Red Flag Waming - Destructive Fires 8,808 01% | 7%
6| 54%| 4% Non-Red Flag Warning - Catastrophic Fires 14,146] 01% | 12%
- 0%]| 1% Non-Red Flag Waming - Destructive Fires 8,808 0.1% | 7%
0| 5% | 1% Non-Red Flag Wamning - Small Fires 01] 940% | 010%
0| 2% 1% Non-Red Flag Warning - Large Fires 5 05% | 004%
Utility work / Operation - 0% 0% Seismic - Red Flag Warning - Catastrophic Fires -l 00% ] 0.00%
Vandalism / Theft 0| 1.6%| 0% Red Flag Wamning - Large Fires 5] 03% | 002%
- 0.0%| 0% . Red Flag Wamning - Small Fires 01 45% | 0.00%
Baseline

Risk Score
eismic Scenario - 0.0%| 0% for 2022 Seismic - Non-Red Flag Warning - Catastrophic Fires -| 0.0% | 0.000%
Agaregated 10 | 100.0%| 100% 766 T4 | 100% | 100%

PG&E provides a summary below of the elements of the Bow Tie analyses as shown in

Figures PG&E-4.2-1, PG&E-4.2-2, and PG&E-4.2-3 above:
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1. Drivers-lgnition Frequencies — Shown on the left of the visuals above, the current
S-MAP conforming Bow Tie is derived from normalizing the ignitions by
Transmission and Distribution overhead line miles of exposure reported annually to
the CPUC. In accordance with D.14-02-015, PG&E annually reports to the CPUC
fire incidents that may be associated with PG&E facilities and that meet the
following conditions: (a) a self-propagating fire of material other than electrical
and/or communication facilities; (b) the resulting fire traveled greater than one linear
meter from the ignition point; and (c) PG&E has knowledge that the fire occurred.
The S-MAP conforming model discussed in detail in PG&E’s 2023 GRC Testimony
used ignitions reported to the CPUC for years 2015 through 2020.32 PG&E is still
finalizing the 2021 reportable ignition data in preparation for our annual report, thus
data from 2015 through 2020 was used in the model. However, the frequencies in
the above analysis reflect the estimated impact of mitigations implemented in 2021

2. Total Exposure — Shown in the center of the visuals above across all Tranches:
99,850 circuit miles of overhead Transmission and Distribution voltage conductor
covering PG&E’s service territory. Since the 2020 RAMP Report, PG&E has
received feedback from Energy Safety, Safety Policy Division (SPD), and various
stakeholders that the level of tranching was not adequate to represent the risk
profiles of PG&E’s system. In response to this feedback, for the Wildfire Risk Bow
Tie Analysis used in the 2022 WMP, PG&E has incorporated the results of the 2021
WDRM v2 to further delineate wildfire risk across PG&E’s distribution system in
HFTD at a more granular level summarizing into 25 tranches (compared to 3
tranches used in 2020 RAMP Report and 2021 WMP). PG&E also further
differentiated transmission tranches by voltage levels.

3. Outcomes-Wildfire Consequences — There is a wide range of potential public safety
risks resulting from a fire ignition associated with PG&E assets. In the
overwhelming maijority of cases, fire ignitions do not end up a large wildfire because
they are extinguished quickly and/or do not propagate far. However, in some
cases, ignitions can result in larger wildfires. PG&E uses fire incidents from the
California Department of Forestry and Fire Protection (CAL FIRE) database to
estimate the safety and financial consequences of wildfire. For each fire incident,
the CAL FIRE dataset provides the location, size, number of destroyed/damaged
structures, and the number of fatalities/injuries. Reliability consequences are
estimated by using distribution customer minutes for outages that were associated
with CPUC reportable ignitions and known fires associated with those outages.
PG&E is providing a more granular outcomes of consequences, as shown on the
right side of the Bow Tie, on ignitions in terms of three variables:

a. The size/destructiveness of the fire that resulted from the ignition. PG&E’s
categorization of fire size is based on the following definitions:

o Catastrophic — A fire that destroys 100 or more structures, and results in a
serious injury and/or fatality.

32 pG&E 2023 GRC Exhibit 4 page 3-14 through 3-23
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e Destructive — A fire that destroys 100 or more structures but does not result
in a serious injury or fatality.

o Large — A fire that burns 300 or more acres but does not meet the definition
of a Destructive or Catastrophic fire.

¢ Small — A fire that burns fewer than 300 acres.

b. Whether the ignition took place on a day and in an area in which a RFW was in
place or not. RFW is a forecast warning issued by the National Weather
Service (NWS) in the United States to inform the public, firefighters, and land
management agencies that conditions are ideal for wildland fire combustion and

rapid spread.33 The potential consequences of ignitions are higher when an
RFW is in effect.34

c. For catastrophic fires, only, whether the catastrophic fire is associated with a
seismic event.

The wildfire risk of the entire system is the sum of the risk scores over all tranches. The
risk score for each tranche is the sum of risk scores for each combination of driver and
outcome for the tranche based on the product of the frequency of a risk event
associated with the driver and outcome, and consequence of that outcome. In the Bow
Tie Analysis used in 2022 WMP, PG&E incorporated lessons learned from analyzing
ignition data that indicated a different likelihood of an ignition resulting in a RFW
outcomes for a different driver. Based on PG&E’s 2015 — 2020 CPUC reportable
ignitions, the percentage of ignitions occurring when a RFW is in effect is the highest for
vegetation contact driver, followed by equipment / facility failure, and then all other
drivers. CoRE values for RFW is higher than CoRE values for non-RFW due to higher
chance of resulting in large, destructive and catastrophic outcomes. Thus, this change
resulted in higher CoRE value for vegetation contact driver compared to one for
equipment failure driver, and higher CoRE value for equipment failure driver compared
to one for the rest of the drivers.

(c) How PG&E distinguishes between wildfire risks and other safety and
reliability risks

33 Precise temporal and spatial mapping analysis of RFW conditions is conducted by utilizing
RFW GIS shapefiles from: https://mesonet.agron.iastate.edu/request/gis/watchwarn.phtml.
(as of June 16, 2020).

In a February 19, 2020 letter to PG&E providing feedback on information that PG&E
provided in workshops held on January 13, 2020 and February 4, 2020, TURN
recommended that “for clarity” PG&E use “Fire Weather Conditions instead of Warning”
when classifying outcomes. At the time of the workshop, PG&E used the term “Fire
Weather Warning” to refer to elements of the NWS RFW. PG&E’s use of RFWs to
categorize outcomes is appropriate because it is a simple, objective metric from a trusted
third-party (NWS) that serves as a reasonable proxy for fire weather conditions.

34 pG&E's WDRM assumes that starting in 2023 the probability that an ignition occurs at a
location and day that RFW is in effect will increase in 5-year increments based on the
Cal-Adapt Wildfire Data.
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Wildfire risk is one of the risks in the PG&E’s Corporate Risk Register. All risks in the
PG&E’s Corporate Risk Register have associated safety, reliability, and/or financial
consequences. The safety, reliability and financial consequences of each risk are
modeled separately and combined into a risk score using the MAVF.

We have defined Wildfire Risk as PG&E assets or activities that may initiate a fire that is
not easily contained, endangers the public, private property, sensitive lands or
environment. In the Wildfire Risk Bow Tie Analysis, PG&E currently defines the risk
event as the CPUC-reportable ignition from PG&E’s electric transmission, distribution,
and substation assets, and safety, reliability and financial consequence resulting from a
CPUC-reportable ignition is captured.

We also include non-wildfire consequences from a failure of electric assets such as:
« Failure of Electric Distribution Overhead Assets

o Failure of Electric Distribution Underground Assets

o Failure of Electric Distribution Network Assets

o Failure of Electric Transmission Overhead Assets

e Failure of Electric Transmission Underground Assets

o Failure of Electric Transmission Substation Assets

o Failure of Electric Distribution Substation Assets

e Third Party Safety Incident risk

The asset failure risks define a risk event as a failure of assets not caused by third
parties and captures the non-wildfire safety, reliability, and financial consequence from
failure of assets. For example, a failure of asset resulting in a CPUC-reportable ignition
is included in the frequency of asset failure risk events, but the consequences for those
events are set to zero in the asset failure risks because those are captured in the
wildfire risk. Asset failure risks also do not consider failures caused by wildfire from
PG&E’s CPUC-reportable ignitions, since the consequences from those failures are
captured through wildfire risk consequences from the associated CPUC-reportable
ignition.

PG&E includes failure of assets caused by third parties in the Third Party Safety
Incident risk. Thus, non-wildfire safety, reliability and financial consequence of a failure
of assets caused by third party vehicular contact with PG&E’s pole or guy wire, and
third-party contact with intact electric assets are classified to Third Party Safety Incident
risk, not in the asset failure risks. On the other hand, wildfire risk includes an
CPUC-reportable ignition caused by third party drivers.
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(d) List and Description of “Known Local Conditions” as That Term is Used in
GO 95, Rule 31.1

GO 95, Rule 31.1 directs PG&E to design, construct and maintain a facility in
accordance with accepted good practice for the intended use and known local
conditions. PG&E’s Overhead Design Manual contains the standards and
methodologies for designing and assessing facilities according to the known local
conditions such as mechanical loading, geographic location, and HFTD and non-HFTD
areas. As such, PG&E has specific design standards as it relates to HFTD areas.
Additionally, our inspection and maintenance procedures and practices are adjusted for
Tier 2 and Tier 3 areas within HFTD. PG&E developed our S-MAP conforming Bow Tie
for the wildfire risk by creating separate tranches for HFTD and non-HFTD areas. The
higher risk scores and Risk Spend Efficiency (RSE) values for mitigations in the HFTD
areas enables prioritization of wildfire mitigation initiatives in HFTD areas. For
additional information on PG&E’s evaluation of HFTD areas, including the development
of our HFRA Map identifying risk areas beyond HFTDs, please see Section 4.2.1.
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4.2.A. Contribution of Weather to Ignition Probability and Estimated Wildfire
Consequences

A) Describe how the utility monitors and accounts for the contribution of weather to
ignition probability and estimated wildfire consequence in its decision -making,
including describing any utility--generated Fire Potential Index or other measure
(including input variables, equations, the scale or rating system, an explanation of
how uncertainties are accounted for, an explanation of how this index is used to
inform operational decisions, and an explanation of how trends in index ratings
impact medium--term decisions such as maintenance and longer--term decisions
such as capital investments, etc.).

To understand the real-time to short-term weather and fire risk (hour to week ahead),
PG&E’s Meteorology and Fire Science department utilizes real-time weather station
data and weather model data from multiple models. These weather model data are
utilized to drive dead fuel moisture (DFM) and live fuel moisture (LFM) models, which
together with other data, feed into PG&E’s Fire Potential Index (Utility FPI or FPI) Model
and Ignition Probability Weather (IPW) Model. The weather, LFM, and DFM data are
also used in our fire spread model application, to dynamically simulate the potential
spread and consequences of fire. For longer-term decisions and work planning, such
as for System Hardening and EVM, we utilize climatological weather datasets and fire
spread simulations across a range of historical fire weather days to inform investment
decisions where the risk is highest over the long term. Additional details on the
numerous elements of PG&E’s weather, fuels, outage and fire potential index
forecasting can be found in Sections 4.2.B, 4.5.1(f), 4.5.1(q), 7.3.1.5,7.3.2.1.1,7.3.2.1.2
and 8 of the 2022 WMP.
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4.2.B. Contribution of Fuel Conditions

B) Describe how the utility monitors and accounts for the contribution of fuel conditions
to ignition probability and estimated wildfire consequence in its decision--making,
including describing any proprietary fuel condition index (or other measures
tracked), the outputs of said index or other measures, and the methodology used for
projecting future fuel conditions. Include discussion of measurements and units for
live fuel moisture content, dead fuel moisture content, density of each fuel type, and
any other variables tracked. Describe the measures and thresholds the utility uses
to determine extreme fuel conditions, including what fuel moisture measurements
and threshold values the utility considers “extreme” and its strategy for how fuel
conditions inform operational decision--making.

PG&E has deployed methods to predict DFM and LFM on the PG&E-AWS cloud. The
DFM method is capable of predicting the moisture content of multiple DFM fuel classes
(i.e., DFM 1hr, DFM 10hr, DFM 100hr, DFM 1,000hr) at 2 x 2 km spatial resolution,
hourly temporal resolution, out 129 hours. PG&E has also deployed a method to predict
LFM at a resolution of 2 x 2 km, for Chamise and Manzanita plant species. These are
machine learning methods developed using National Fuel Moisture Database
observations. In 2020 and 2021, PG&E partnered with Atmospheric Data Solutions and
Technosylva to develop the next generation of LFM and DFM Models. In 2021, these
models were extended to provide 129 hours of forecast data, providing a longer lead
time than previously available. The DFM Model PG&E deployed is a customized
version of the Nelson DFM model utilized in the NFDRS 2016 model version.
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Figure PG&E-4.2-4 below is an example hour output from the DFM 10hr fuel class.

FIGURE PG&E-4.2-4:
HOUR OUTPUT FOR 10 HOUR DFM MODEL

-70-



Figure PG&E-4.2-5 below is an example hour output from the LFM Model for chamise.

FIGURE PG&E-4.2-5:
HOUR OUTPUT FROM LFM MODEL

In addition to creating new forecast models, PG&E created a 30+ year climatology of
DFM and LFM Model output at hourly, 2 x 2 km resolution as well. These robust
historical datasets allow PG&E meteorologists and data scientists to evaluate the DFM

and LFM conditions present during historical fires.
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PG&E also sought to create new LFM Models using remotely sensed satellite data. We
partnered with Technosylva to deploy LFM woody and LFM herbaceous fuel models
that take advantage of recent Moderate Resolution Imaging Spectroradiometer
(MODIS) satellite measurements and indices such as the Normalized Difference
Vegetation Index (NDVI). Figure PG&E-4.2-6 below is an example NDVI output is
presented. These models were built using machine learning techniques and were
trained against National Fuel Moisture Database observations.

FIGURE PG&E-4.2-6:
EXAMPLE OF NORMALIZED DIFFERENCE VEGETATION INDEX OUTPUT

LFM models developed and deployed are trained on field observations. PG&E is taking
steps to bolster these observations and provide them to the public. These observations
can help validate existing models and enable more accurate models to be developed in
the future as they can take advantage of many more observations. In 2020 and 2021,
for example, PG&E established an internal LFM sampling program to complement
samples collected by state and federal agencies across Northern and Central California.
This network consists of 30 locations where plant species, such as Chamise and
Manzanita, are sampled to measure the amount of fuel moisture in these plants
throughout the seasonal cycle. Site locations were selected and scouted by PG&E
meteorologists as well as PG&E Safety and Infrastructure Protection Teams (SIPT)
personnel. Samples are collected in the field and shipped to a laboratory for
processing. The results of all measurements are uploaded and made publicly available
via the National Fuel Moisture Database. These observations are critical to train and
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validate high-resolution LFM models and satellite-derived LFM products and will be
helpful for PG&E and others to train the next generation of LFM models.
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4.21 Service Territory Fire-Threat Evaluation and Ignition Risk Trends

Present a map of the highest risk areas identified within the current HFTD tiers of the
utility’s service territory as a figure in the WMP. Discuss fire threat evaluation of the
service territory to determine whether a modification to the HFTD is warranted

(i.e., expansion beyond existing Tier 2 and Tier 3 areas). If the utility believes there are
areas in its service territory that are not currently included in the HFTD but require
prioritization for mitigation efforts, then the utility is required to provide a process
outlining the formal steps necessary to have those areas considered for recognition in
the CPUC-defined HFTD. Include a discussion of any fire threat assessment of its
service territory performed by the electrical corporation, highlighting any changes since
prior WMP submissions. In the event that the utility’s assessment determines the fire
threat rating for any part of its service territory is insufficient (i.e., the actual fire threat is
greater than what is indicated by the CPUC’s Fire Threat Map and High Fire Threat
District designations), the ultility is required to identify those areas for potential HFTD
modification, based on the new information or environmental changes, showing the
differences on a map in the WMP. To the extent this identification relies upon a
meteorological or climatological study, a thorough explanation and copy of the study
must be included as an Appendix to the WMP.

List, describe, and map geospatially (where geospatial mapping is applicable) any
macro trends impacting ignition probability and estimated wildfire consequence within
utility service territory, highlighting any changes since the 2021 WMP Update:

1. Change in ignition probability and estimated wildfire consequence due to climate
change

2. Change in ignition probability and estimated wildfire consequence due to relevant
invasive species, such as bark beetles

3. Change in ignition probability and estimated wildfire consequence due to other
drivers of change in fuel density and moisture

4. Population changes (including Access and Functional Needs population) that could
be impacted by utility ignition

5. Population changes in HFTD that could be impacted by utility ignition

6. Population changes in Wildland Urban Interface (WUI) that could be impacted by
utility ignition

7. Utility infrastructure location in HFTD vs non-HFTD
8. Utility infrastructure location in urban vs rural vs highly rural areas

This section is divided into two subsections. Subsection (a) describes service territory
fire-threat evaluation, and subsection (b) describes trends impacting ignition probability
and estimated wildfire consequence within our service territory.
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(a) Service Territory Fire-Threat Evaluation

To inform the scope of PSPS events, PG&E has performed, and continues to perform, a
fire threat assessment of our service territory focused on identifying areas where an
ignition during an offshore wind event could lead to a catastrophic wildfire.35 The
culmination of this assessment is referred to as PG&E’s High Fire Risk Area (HFRA)
map. The HFRA map serves as an initial filter in the PSPS scoping process, upon
which additional event-specific spatial information is overlaid and analyzed to arrive at
final PSPS scope. The HFRA map may be used for other purposes as well, such as
informing workplans and risk assessment.

PG&E began development of our HFRA map in 2020, by using the Tier 2 and Tier 3
portions of the CPUC’s HFTD map as a starting point and adding areas where we
believe an ignition, during an offshore wind event, could lead to a catastrophic wildfire.
At the end of 2020, PG&E’s HFRA map included all areas in the Tier 2 and Tier 3
portions of the CPUC’s HFTD map, as well as PG&E’s additions. Those additions, the
process used to identify them, and the resulting HFRA map were described in PG&E’s

2021 WMP.36

In 2021, PG&E continued to develop our HFRA map. This was done by removing areas
from the HFRA map where we concluded that an ignition during an offshore wind event
either would not occur or otherwise would not lead to a catastrophic wildfire. The
process used to identify areas for removal largely followed the process used to identify
areas for addition, with two exceptions. First, a step was added for field validation,
described in Step 3, below. Second, a step was added for wildfire exposure analysis,
using wildfire simulation software, described in Step 4, below.

The steps of the process used in 2021 to identify areas for removal from the HFRA map

are listed below.37 In each step of the process, the candidate area was assessed to
determine the potential that an ignition during an offshore wind event would lead to a
catastrophic wildfire. If, at any step of the process, a candidate area was determined to
have this potential, it was not considered any further for removal from PG&E’s HFRA
map. Only those areas that satisfied all five steps of the process were ultimately
removed from the HFRA map. The five steps include:

1. Candidate areas were initially identified for potential removal from the HFRA map by
subject matter experts familiar with the local area and fire history.

2. A core team, composed of PG&E subject matter experts in wildfire analysis,
meteorology, electrical engineering, and PSPS operations, jointly assessed each of

35 PG&E’s HFRA focuses on offshore wind-event conditions because offshore wind events
are essential features of the strong and episodic increases in catastrophic wildfire risk that
PSPS is intended to mitigate.

36 2021 Revised WMP, pp. 85-89.

37 The HFRA modification process was implemented in three rounds in 2021, resulting in
three HFRA map updates. The same steps were implemented in each round, but the order
of the steps was changed between the first and second rounds to improve efficiency. The
list presented here reflects the order used in the latter two rounds.
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the candidate areas identified in Step 1, using geospatial software and datasets
(e.g., aerial imagery, vegetation maps, topographic maps).

3. Each of the candidate areas remaining after Step 2 were assessed in the field by
one or more of PG&E’s Public Safety Specialists, each with extensive, local wildfire
management experience.

4. Each of the candidate areas remaining after Step 3 were subjected to wildfire
exposure analysis. Specifically, this analysis leveraged PG&E’s 30-year, 2-km
resolution climatology and Technosylva’s wildfire simulation software to estimate
fire behaviors and numbers of impacted structures resulting from simulated ignitions
in each candidate area, under each candidate area’s most extreme fire weather and
dead fuel moisture scenarios of the last 20 years. Extreme scenarios included a
mixture of worst-case days, as well as offshore wind-event days, PSPS days, days
of catastrophic wildfire occurrence, and some typical hot and dry summer days.

5. Each of the candidate areas remaining after Step 4 were assessed by the UCLA B.
John Garrick Institute for Risk Sciences, using geospatial software and datasets

(e.g., aerial imagery, vegetation maps, topographic maps).38

Application of this process in 2021 resulted in the removal of 218 discrete areas from
PG&E’s HFRA map. At the end of 2021, PG&E'’s revised HFRA map represents the
spatial net result of the CPUC’s HFTD map, plus PG&E’s 2020 additions, minus
PG&E’s 2021 removals. Table PG&E-4.2-3 below summarizes the results of HFRA
modifications in 2020 and 2021, for transmission and distribution miles in HFRA areas
in 2020 and 2021, and the number of customers that would be within PSPS scope.
Figure PG&E-4.2-7 provides a map of HFTD Tier 2 and Tier 3 areas and HFRA areas in
PG&E'’s service territory as of December 2021. In 2022, we plan to continue to evaluate
our HFRA map to further improve alignment with our objective.

TABLE PG&E-4.2-3:
SUMMARY OF PG&E HFRA MODIFICATIONS IN 2021

2020 2021
Modifications Modifications
Area (square miles) +3,280 -30
Overhead Transmission Circuit Miles +230 -30
Overhead Distribution Circuit Miles +610 -170
Customers in PSPS Scope +3,000 -36,000

38 Results of assessments by B. John Garrick Institute for Risk Sciences are summarized in
reports. The three assessment reports pertaining to those areas considered for removal
from HFRA in 2021, are included as attachments:

o 2022-02-25 PGE_2022 WMP-Update RO_Section 4.2.1_Atch01;
o 2022-02-25 PGE_2022 WMP-Update_RO_Section 4.2.1_Atch02; and
o 2022-02-25 PGE_2022_ WMP-Update_RO_Section 4.2.1_Atch03.
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FIGURE PG&E-4.2-7:
CPUC HFTD MAP TIER 2 AND TIER 3, AND PG&E HFRA MAP, DECEMBER 2021

PG&E believes that many, but likely not all, of the past modifications to our HFRA map
should also be applicable to the CPUC’s HFTD map. This is based on the
understanding that the CPUC’s HFTD map and PG&E’s HFRA map are designed to
achieve related objectives. Tier 2 and Tier 3 of the CPUC’s HFTD map are intended to
identify areas where stricter fire-safety regulations are to be applied, which the CPUC
did by identifying areas with elevated risk and extreme risk, respectively, (including
likelihood and potential impacts on people and property) from wildfires associated with
overhead utility power lines and overhead utility power-line facilities.39 PG&E’s HFRA
map is intended to inform the geographic scope of PSPS events, which it attempts to do
by identifying areas of PG&E’s service territory where it believes an ignition, during an
offshore wind event, could lead to a catastrophic wildfire, as well as informing in some
cases work plans and risk assessments.

39 cPUC D.17-01-009 (2017, p. 25) broadly defines Tier 2 and Tier 3 of the CPUC’s HFTD
map as “Areas with elevated wildfire risk” and “Areas with extreme wildfire risk”,
respectively. A set of more explicit definitions is given in the Independent Review Team
Final Report on the Production of the California Public Utility Commission’s Statewide Fire
Map 2 (CPUC, 2017, p. 12), and reiterated in CPUC Decision 20-12-030 (2020, p. 2), and
on the CPUC’s Fire-Threat Maps and Fire-Safety Rulemaking webpage
(https://www.cpuc.ca.gov/industries-and-topics/wildfires/fire-threat-maps-and-fire-safety-

rulemaking).
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All areas added to the HFRA map (i.e., areas currently within PG&E’s HFRA map, but
currently outside of Tier 2 and Tier 3 of the CPUC’s HFTD map) should be candidates
for inclusion in Tier 2 or Tier 3 of the CPUC’s HFTD map based on the idea that stricter
fire safety regulations should be applied in any area where an ignition could lead to a
catastrophic wildfire. However, it is unclear how such additions should be allocated
between Tier 2 and Tier 3, given existing Tier 2 and Tier 3 definitions. We also believe
that some of the areas removed from the HFRA map (i.e., areas currently outside
PG&E’s HFRA map, but currently inside Tier 2 or Tier 3 of the CPUC’s HFTD map) may
warrant removal from Tier 2 or Tier 3 of CPUC’s HFTD map. These areas were
removed from the HFRA because they were determined to lack catastrophic wildfire
risk, given an ignition, and under offshore wind event conditions. To determine their
candidacy for removal from the CPUC’s HFTD maps, these areas would need to be
re-assessed with respect to wildfire risk generally, per Tier 2 and Tier 3 definitions (i.e.,
wildfire risk associated with all levels of wildfire consequence including but not limited to
catastrophic wildfire, not conditional on an ignition, and not conditional on
offshore-wind-event conditions).

For future modifications to the CPUC’s HFTD map, PG&E envisions a CPUC-led
process modeled on the one used to initially develop the CPUC’s HFTD map, in which:
(a) operational guidance and methodology were collaboratively developed; and (b) an
Independent Review Team (IRT) conducted a technical review of the changes proposed
by the Territory Leads, and made inquiries about, modified, and ultimately accepted or
rejected the proposed modifications based on that technical review.

(b) Ignition Risk trends

Macro Trends Impacting Ignition Probability and/or Wildfire Consequence:

PG&E has identified the following macro-trends that may impact wildfire ignition
probability and/or wildfire consequences:
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TABLE PG&E-4.2-4:

MACRO TREND THAT MAY IMPACT WILDFIRE IGNITION PROBABILITY AND/OR WILDFIRE

CONSEQUENCES
Rank | Macro Trends Comments
1 Change in Several key climate change trends are influencing variable periods of extreme wildfire
ignition risks in Northern California. These trends significantly increase wildfire ignition risks
probability and | around utility networks.
estimated . L . . .
e Warmer winters are causing increases in rainfall rather snow, resulting in a decrease
wildfire . . L
to the snowpack. This reduces available water resources earlier in summer months,
consequences . . . . : . .
) stressing vegetation and increasing available fuels. Compounding the shift from snow
due to climate . . . .
change to rain are extended dry periods following summer months deeper into fall and early

winter. Northeast winds are more common in fall and winter months in Northern
California and if not accompanied by rainfall or other atmospheric moisture wildfire
risks continue to increase despite the presence of lower temperatures. Ignitions that
occur under these conditions can result in large conflagrating wildfires that can further
promote risk associated with Northern California’s abundant fuel and extreme terrain
resulting in fires that develop their own devastating weather.

Reference: OEHHA: https://oehha.ca.gov/epic/changes-climate/precipitation.

“Extremely dry and extremely wet years have become more common in California. On
average, the state receives 75 percent of its annual precipitation from November
through March, with 50 percent occurring from December through February. As the
winter months have become warmer in recent years, more precipitation has been
falling as rain instead of snow over the watersheds that provide most of the state’s
water supplies.” “The last decade also includes the driest consecutive four-year period,
from 2012 to 2015.” “Warming temperatures, declining snowpack, and earlier spring
snowmelt runoff can create stresses on vegetation”

Reference: National Geographic:
https://www.nationalgeographic.com/science/2019/10/climate-change-california-power-

outage/
“Increasing heat, changing rain and snow patterns, shifts in plant communities, and

other climate-related changes have vastly increased the likelihood that fires will start
more often and burn more intensely and widely than they have in the past.”

“The changes in climate have created the perfect conditions for fire. Lower
precipitation and warmer air temperatures dry the forests and other vegetation. Add
strong winds and decades of fire suppression into the mix and you have a dangerous
recipe for wildfire.”

Reference: National Geographic:
https://www.nationalgeographic.com/science/article/climate-change-increases-risk-fire
s-western-us

“In recent years, the area burned by wildfires has increased in parallel with increasing
air temperatures (OEHHA, 2018.)” Diablo events that carry warm and dry air to the
coast, play a key role in amplifying “fire weather” conditions. The combination of
Diablo events and the later onset of winter precipitation can create an environment of
dry vegetation, which is primed for explosive wildfire conditions.

Reference: CA State Gov

https://www.energy.ca.gov/sites/default/files/2019-11/Statewide Reports-SUM-CCCA4
-2018-013 Statewide Summary Report ADA.pdf
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TABLE PG&E 4.2-4:

MACRO TREND THAT MAY IMPACT WILDFIRE IGNITION PROBABILITY AND/OR

WILDFIRE CONSEQUENCES

(CONTINUED)
Rank | Macro Trends Comments

2 Change in Invasive species create landscape level concerns that have significant potential to
ignition impact areas within and adjacent to utility rights of way (ROW). Effects can extend
probability and | well beyond the ROW making effective mitigation challenging for utilities without more
estimated holistic engagement and support from surrounding landowners and stakeholders.
wildfire Of concern to utilities are both invasive plant and insect species.
consequence

due to relevant
invasive
species, such
as bark beetles

Invasive insect species, such as bark beetles, can exacerbate forest health concerns
and result in hazardous tree conditions that require repetitious monitoring and
mitigation by utilities. Native insect species, under stressed environmental conditions
— like drought, can impose the same impacts and challenges.

Invasive plant species in California tend to thrive in disturbed environments, often
displacing native species. There is evidence that these invasions can change and
intensify fire regimes. Landscape disturbance can be presented following fires, as well
as during ROW maintenance and enhancements.

Regardless of disturbance origin utilities are continually compelled to perform
additional monitoring and mitigation to identify and control detrimental impacts
associated with invasive species.

Bark beetle outbreaks can make wildfire outbreaks much worse. During the window of
time after beetles have killed the tree and its needles turn from green to red, the wood
is more susceptible to ignition.

Reference: Earth Island

https://www.earthisland.org/journal/index.php/articles/entry/are-bark-beetles-are-furthe
r-aggravating-wildfires-in-california/

The invasive cheatgrass has changed much of the West's fire cycle, especially across
the sagebrush sea, this has been damaging to the habitat that supports more than 350
species of plant and animals. The most pervasive impact of cheatgrass domination
has been its influence on the size, intensity, and natural cycles of wildfire. Cheatgrass
dies just in time for a typical fire season to start and is an extremely flashy fuel.
Today'’s fires are becoming hotter and more frequent in part because of the dominance
of cheatgrass.

Reference: Theodore Roosevelt Conservation Partnership

https://www.trcp.org/2020/08/28/invasive-species-fueling-western-wildfires/

-80-



https://www.earthisland.org/journal/index.php/articles/entry/are-bark-beetles-are-further-aggravating-wildfires-in-california/
https://www.earthisland.org/journal/index.php/articles/entry/are-bark-beetles-are-further-aggravating-wildfires-in-california/
https://www.trcp.org/2020/08/28/invasive-species-fueling-western-wildfires/

TABLE PG&E 4.2-4:

MACRO TREND THAT MAY IMPACT WILDFIRE IGNITION PROBABILITY AND/OR

WILDFIRE CONSEQUENCES
(CONTINUED)

Rank

Macro Trends

Comments

Changes in
ignition
probability and
estimated
wildfire
consequence
due to other
drivers of
change in fuel
density and
moisture

There have been notable changes to PG&E's service territory, in both fuel density and
moisture over the last several decades. These changes significantly increase wildfire
ignition risks around utility lines. Contributing factors to these changes cover a wide
range of influences, including but not limited to; climate change, land use patterns, fire
suppression and variable forest management practices.

Fuel density is increasing while available moisture in critical wildfire risk periods is
decreasing. This has been accompanied by increases in large tree mortality (partially
due to bark beetles) and overall changes in forest structure.

Bark beetles have always been present in periodic outbreaks, and normally cold winter
weather keeps their population somewhat in check, preventing large tree die-offs.
However, as winter temperatures rise, and in conjunction with the recent drought, their
populations have burgeoned to create unprecedented tree die-offs. The lack of
surviving seed trees is likely to cause failure of pine regeneration and result in forest
conversion to shrubland.

Extreme fire weather, particularly in the form of hot and dry winds, can have a strong
influence on shrubland fire regimes, and contributes to conversion of shrublands to
grasslands.

Reference: CA State Gov

https://www.energy.ca.gov/sites/default/files/2019-11/Statewide Reports-SUM-CCCA4
-2018-013 Statewide Summary Report ADA.pdf

The combination of more fires and drier conditions may expand deserts and otherwise
change parts of California’s landscape. Livestock grazing may also accelerate the
conversion of grassland to desert in response to a changing climate.

The 2012-2016 drought led to the most severe moisture deficits in the last 1,200 years
and a 1-in-500 year low in Sierra snowpack. Future increases in temperature,
regardless of whether total precipitation goes up or down, will likely cause longer and
deeper California droughts, posing major problems for water supplies, natural
ecosystems, and agriculture.

Reference: EPA

https://www.epa.gov/sites/default/files/2016-09/documents/climate-change-ca.pdf

Forests are becoming denser with decreased presence of large trees and significant
tree mortality over the last decade. Lands that are left unmanaged are subject to
increases in accumulated dead and downed fuels that can be annually influenced by
surrounding finer, flashier fuels following periods of rain or snowfall.

Reference: PNAS: https://www.pnas.org/content/112/5/1458.
Reference: California Energy Commission:

https://www.energy.ca.gov/sites/default/files/2019-11/Projections CCCA4-CEC-2018-
014 _ADA.pdf

Population
changes
(including
Access and

Population in California and PG&E'’s territory has seen consistent growth over time,
though population of California decreased slightly in 2020 (due to a variety of factors
related to the pandemic) (Cal Matters). Much of this population growth continues in
lands previously undeveloped and bordering, or in, fire prone wildland areas. “San
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TABLE PG&E 4.2-4:

MACRO TREND THAT MAY IMPACT WILDFIRE IGNITION PROBABILITY AND/OR

WILDFIRE CONSEQUENCES
(CONTINUED)

Rank

Macro Trends

Comments

Functional
Needs
population) that
could be
impacted by
utility ignition

Francisco is experiencing a unique and dramatic exodus, which is causing 50 percent
or 100 percent increases in Bay Area in-migration for some counties in the Sierras”
(LA Times). The lack of affordable housing near the coast, has also driven utility
customers further south, north, and inland (CA Climate Change Assessment).

Reference: CA Gov Climate Change Assessment

https://barc.ca.gov/sites/default/files/20190116-sanfranciscobayarea.pdf

Reference: Cal Matters

https://calmatters.org/politics/2021/05/california-population-shrink-exodus/

Reference: LA Times

https://www.latimes.com/california/story/2021-03-04/california-exodus-san-francisco-mi
gration

Reference: HBI

http://www.homebuyinginstitute.com/news/california-forecast-cooling-trend-2022/

Current estimates suggest that at least 25 percent of California’s residents already
reside in areas subject to significant wildfire risk. With projection of upward population
trends continuing, it is likely that populations in the WUI and/or the HFTD areas will
relatedly increase. These trends may be compounded by the societal impacts of
Covid-19. Housing trends in 2020 indicated a shift associated with stay-a-home orders
and increased capability to telecommute. These emerging trends have indicated a
desire to relocate from urban communities to more rural communities, many within the
HFTD areas.

The lack of availability and affordability of housing in lower wildfire risk urban areas
within the PG&E territory are also factors that many residents evaluate and that all
stakeholders, including policymakers, must consider as we all move forward. A
significant, but variable and uncertain, portion of the population increases in higher
wildfire risk areas will include customer with supplemental access or other functional
needs.

Utilities (and other stakeholders) will need to continue to engage in programs and
education campaigns that inform and prepare all customers to mitigate these growing
risks.

References:

LCAU:

https://lcau.mit.edu/project/cataloguing- interface-wildfire-and-urban-development-Calif
ornia.

PPIC: https://www.ppic.org/content/pubs/report/R 116HJ3R.pdf.

CNBC: Warming climate, population sprawl! threaten California’s future with more
destructive wildfires,
https://www.cnbc.com/2019/11/09/why-californias-wildfires-are-going-to-get-worse.htm
l.
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https://barc.ca.gov/sites/default/files/20190116-sanfranciscobayarea.pdf
https://calmatters.org/politics/2021/05/california-population-shrink-exodus/
https://www.latimes.com/california/story/2021-03-04/california-exodus-san-francisco-migration
https://www.latimes.com/california/story/2021-03-04/california-exodus-san-francisco-migration
http://www.homebuyinginstitute.com/news/california-forecast-cooling-trend-2022/
https://www.ppic.org/content/pubs/report/R_116HJ3R.pdf
https://www.cnbc.com/2019/11/09/why-californias-wildfires-are-going-to-get-worse.html
https://www.cnbc.com/2019/11/09/why-californias-wildfires-are-going-to-get-worse.html

TABLE PG&E 4.2-4:

MACRO TREND THAT MAY IMPACT WILDFIRE IGNITION PROBABILITY AND/OR

WILDFIRE CONSEQUENCES

(CONTINUED)
Rank | Macro Trends Comments
5 Population See PG&E’s response to Iltem #4. Given the overall area of the HFTD areas as
changes in a percentage of PG&E's service territory (over 50 percent), it is likely that population
HFTD that growth in the HFTD areas will not be an exception to anticipated trends. In fact,
could be population growth in HFTD areas may exceed, at least in some areas, population
impacted by growth in non-HFTD areas.
utility ignition
6 Population See PG&E’s response to ltem #4. Given the overall area of the WUI as a percentage
changes in of PG&E'’s service territory, it is likely that population growth in WUI will not be an
WUI that could | exception to anticipated trends. The HFTD map was informed by WUI data and
be impacted by | tremendous overlap between the two categories exists within PG&E service territory.
utility ignition
7 Utility PG&E anticipates limited net-addition of utility assets in the near future. Therefore, the
infrastructure overall breakdown of assets between HFTD and non-HFTD areas is not expected to
location in significantly evolve going forward.
rggagio Nonetheless, the volume and location of utility infrastructure already in HFTD areas
(~1/3rd of PG&E’s overhead electric assets) presents a risk to be mitigated, which is
the focus of this plan. When adding or replacing utility infrastructure, particularly in or
near HFTD, siting decisions should complement other resiliency and hardening
programs continually over the decades to come. Given the increased focus on
upgrading, strengthening or replacing assets in HFTD, the location and characteristics
of infrastructure in HFTD areas will see more significant changes as compared to
Non-HFTD areas.
8 Utility See PG&E’s response to Iltem #7. There is high correlation between the HFTD areas
infrastructure and rural/highly rural areas within PG&E’s service territory. There is similar correlation
location in between urban areas and non-HFTD areas. Therefore, the trends impacting urban vs.

urban vs rural
vs highly rural
areas

rural are largely similar to those impacting HFTD vs. non-HFTD.
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4.3 Change in Ignition Probability Drivers

Based on the implementation of the above wildfire mitigation initiatives, explain how the
utility sees its ignition probability drivers evolving over the 3-year term of the WMP,
highlighting any changes since the 2021 WMP Update. Focus on ignition probability
and estimated wildfire consequence reduction by ignition probability driver, detailed risk
driver, and include a description of how the utility expects to see incidents evolve over
the same period, both in total number (of occurrence of a given incident type, whether
resulting in an ignition or not) and in likelihood of causing an ignition by type. Outline
methodology for determining ignition probability from events, including data used to
determine likelihood of ignition probability, such as past ignition events, number of risk
events, and description of events (including vegetation and equipment condition).

Based on our implementation of wildfire mitigation initiatives, PG&E has seen an overall
decrease in the ignition probability, corresponding to changes in estimated wildfire
frequency and risk scores.

In addition, PSPS and EPSS have had a significant impact on ignition probabilities,
reflected in estimated wildfire frequency and risk scores. The impacts of PSPS and
EPSS in HFTD are represented in Figure PG&E-4.3-1 below showing the impacts of
ignition frequency and risk through the use of the 2022 Enterprise Risk Model.

FIGURE PG&E-4.3-1:
IMPACTS OF EPSS, PSPS AND MITIGATION ON IGNITION FREQUENCY AND IGNITION
PROBABILITY (HFTD ONLY)

In the remainder of this section, we describe our :
(a) 2022 Enterprise Risk Model for Wildfire Risk;
(b) Methodology for Determining Ignition Probability From Events For WDRM,;
(c) Equipment Probability of Ignition Model; and,

(d) Vegetation Probability of Ignition Model.
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(a) 2022 Enterprise Risk Model for Wildfire Risk

In 2021, PG&E built the 2022 Enterprise Risk Model for Wildfire Risk, or 2022 ERM, to
provide a consistent enterprise-wide risk assessment and modeling framework using
PG&E’s MAVF in alignment with the S-MAP Settlement Agreement.40 This model is
used to calculate pre-mitigated (or baseline) risk scores and post-mitigation risk scores,
to compare them across different risks in PG&E’s Corporate Risk Register and produce
the RSE scores at a program level for the WMP and GRC (see Section 4.5.1(a) — 2022
Enterprise Risk Model for Wildfire Risk).

This section provides an overview of the 2022 ERM and, more specifically, ignition

drivers considered in the model41 used to evaluate wildfire risk. Exposure to the wildfire
risk is modeled based on the approximately 99,000 total overhead circuit miles in
PG&E'’s electric distribution and transmission systems. Of the total overhead circuit
miles, approximately 25,500 distribution circuit miles are within the CPUC designated
HFTD areas. The risk drivers used for this model are:

1) Vegetation Contact

2) Equipment/Facility Failure
3) Contact from Object

4) Wire-to-Wire Contact

5) Unknown

6) Other

7) Vandalism/Theft

8) Utility Work/Operation

9) Contamination

10) Seismic

The risk drivers for this risk event have been modified since PG&E filed our 2020 RAMP

Report to align with the Cause categories outlined in the 2021 WMP Guidelines42 for
Table 7.1 and Table 7.2. The one exception is that in the 2021 WMP, Vegetation
Contact is a sub-driver of the Contact from Object driver, whereas in the 2022 ERM,

40 For a detailed description, see PG&E’s Enterprise Risk Model Documentation and User
Guide, available in 2022-02-25_PGE_2022_WMP-Update_RO0_Section 4.3_Atch01.pdf.

41 A more detailed discussion of the 2023 GRC Enterprise Risk Model was provided in
PG&E’s testimony in the 2023 GRC. See Exhibit (PG&E-4), Chapter 3.

42 Attachment 2.2: 2021 Wildfire Mitigation Plan (WMP) Guidelines Template (ca.qgov)
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Vegetation Contact is a stand-alone risk driver. This change in risk driver was made to
reflect the vegetation contact driver’s contribution to the risk.

Wildfire baseline risk includes approximately 483 risk events (ignitions)43 systemwide
and 153 (32 percent) risk events in HFTD areas for 2022. Risk events in HFTD areas
accounted for 99 percent of the overall risk. The Equipment / facility failure risk driver
accounts for 36 percent of ignitions systemwide and 21 percent of ignitions in HFTD
areas.44 Conductor and connector failures account for most of these equipment failure
incidents. The Vegetation Contact risk driver accounts for 28 percent of ignitions
systemwide and 18 percent of ignitions in HFTD areas.45 The number of events

and percentages for each driver are provided in Figures PG&E-4.2-1, PG&E-4.2-2, and
PG&E-4.2-3 in Section 4.2 above.

PG&E updated our 2020 ERM to support the 2020 RAMP filing and our 2021 WMP.
Since we our 2020 RAMP Report, we have made changes to our 2020 ERM as
discussed below. Certain changes were made in response to feedback from SPD and
parties, as noted below, while other changes were made by PG&E as we continue to
update and refine our enterprise risk models. PG&E also made many changes to align
to the 2021 Wildfire Distribution Risk Model v2 (2021 WDRM v2) by using the outputs in
the 2022 ERM discussed in the 2021 WMP.

SPD and parties (intervenors) recommended that PG&E’s risk models incorporate more
granular tranching. For example, SPD stated that given the diverse environments and
conditions covered by PG&E'’s electric distribution system it was unreasonable to

assume a homogeneous risk profile as PG&E did in the 2020 RAMP Report.46

PG&E agreed that the tranches included in the 2020 ERM could be improved. In
response to SPD and parties’ feedback, PG&E revised the tranches in the 2022 ERM.
PG&E expanded the number of tranches from 8 to 40 systemwide.47 Transmission
tranches were further refined by voltage class and HFTD areas, expanding from 2 to 12.
HFTD distribution tranches were further refined, expanding from 3 to 25. The 25
distribution tranches represent the combination of 5 quintiles of the Likelihood of a Risk

43 Based on the CPUC’s reportable fire ignition definition, fire ignition is defined as an ignition
resulting a fire that traveled more than one meter from the ignition point and burnt
something other than PG&E facilities. (D.14-02-015, Appendix C, p. C-2, Section 1.A.4.)
PG&E’s current 2023 GRC Risk Model uses all reportable ignitions systemwide; previous
versions of the model were limited to high fire risk areas (Fire Index Area’s in the 2017
RAMP and HFTD areas in the 2020 GRC). PG&E’s baseline forecast of 2022 ignitions
is 483, which is based on historical ignitions with certain adjustments.

44 The Equipment Failure risk driver accounts for 21 percent of ignitions in HFTD areas,
20 percent of ignitions in HFTD Distribution, and 32 percent of ignitions in HFTD
Transmission.

45 The Vegetation risk driver accounts for 48 percent of ignitions in HFTD areas, 52 percent
for HFTD Distribution, and 5 percent of ignitions in HFTD Transmission.

46 spD Staff Report, p. 5.

47 There are two substation tranches and one non-HFTD distribution tranche that have not
changed since the 2020 RAMP Report.
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Event and the CoRE. An important aspect of the refinement in HFTD distribution
tranching is the alignment of the 2022 ERM to the 2021 WDRM v2.

The 2021 WDRM v2 provides a risk ranking for the prioritization of EVM and System
Hardening work. The 2022 ERM assesses enterprise risks, including wildfire, using a
common framework and develops RSEs using the MAVF scoring approach agreed to in
the 2020 S-MAP Settlement Agreement. PG&E aligned the two models by using the
outputs from the 2021 WDRM v2 in the 2022 ERM. For equipment/facility failure
(conductor damage or failure) and vegetation contact risk drivers the 2021 WDRM v2
informs the 2022 ERM to the probability of ignition at the distribution circuit segment
level within the HFTD areas. Additionally, Technosylva simulation results in the 2021
WDRM v2 inform the wildfire consequence at the distribution circuit segment level.

PG&E also made four key changes to our risk drivers since the 2020 RAMP Report:

1) Inits evaluation of PG&E’s 2020 RAMP Report, TURN, a party to the proceeding,
stated that, “...[a] correct portrait of PG&E’s wildfire risk requires that the
considerable risk resulting from PG&E’s operational failures be recognized and that

the risk reduction benefits from fixing those problems be quantified.”48 SPD agreed
that this was a valid comment and that operational failures should be modeled as a

risk driver.49 To capture this, the 2022 ERM includes ignitions associated with
PG&E workforce-caused outages as a ‘Utility work/Operation’ driver. PG&E will

continue to explore other ways to represent operational failures in the risk model.30

2) In the process of providing feedback to PG&E’s 2020 RAMP Report, the Mussey
Grade Road Alliance, a party to the proceeding, requested an analysis of ignitions
by different drivers by local wind speed. From the analysis, it was concluded that
ignitions resulting from both vegetation-related and equipment-related root causes
are more likely to occur under higher wind speed conditions, and there is a strong
correlation between high winds and RFW, during which destructive or catastrophic
fires are more likely to occur.

In the 2022 ERM, PG&E incorporated lessons learned from analyzing ignition data
that indicated the likelihood of an ignition occurring during an RFW varies by
ignition driver. Based on PG&E’s 2015-2020 CPUC reportable ignitions report,

the percentage of ignitions occurring when an RFW is in effect is the highest for
vegetation contact, followed by equipment / facility failure, and then all other drivers.
Also, since there is a higher likelihood for an ignition to develop into a large,
destructive, or catastrophic fire when an RFW is in effect than when an RFW is not
in effect, this results in a higher CoRE value for the vegetation-contact driver than
the CoRE value for other drivers.

48 TURN'’s Opening Comments on PG&E’s RAMP Report and the SPD’s November 25, 2020
Evaluation Report, A.20-06-012 (Jan. 15, 2021) (TURN Opening Comments), p. 7.

49 spD Staff Report, p. 71.

50 For example, PG&E has introduced a new data entry field as part of our Corrective Action
Program to identify and track ignitions that are submitted by PG&E workforce.
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3) PG&E updated the 2022 ERM risk drivers and sub-drivers, used to inform our 2023
GRC, to align with those presented in the 2021 WMP so that the information is
consistent between the two regulatory filings.

4) PG&E updated the risk drivers and sub-drivers for substation tranches. Even if
there were no ignitions in the 2015-2020 dataset from specific drivers, substation
outages that could cause an ignition were incorporated into the model to capture the
potential substation failures that could lead to an ignition.

PG&E has also made three additional changes to the 2022 ERM since filing our 2023
GRC Application.

1) For certain risk driver/subdriver combinations, not covered by outputs from the 2021
WDRM v2, the 2022 ERM was updated to improve the allocation of system-wide
ignition frequency among tranches.

2) Inthe 2022 ERM, the climate change cross-cutting factor (multiplier) is now applied
to amplify the consequence of ignitions instead of the frequency of ignitions
occurring during an RFW.

3) Inthe 2022 ERM, HFTD distribution tranches and associated risk scores were
refreshed by incorporating the impact of mitigations implemented in 2021.

(b) Methodology for Determining Ignition Probability From Events For WDRM

In support of risk-based Electric Operations planning, PG&E has developed

distribution91 asset risk models designed to quantify wildfire risks from the distribution
system at planning and situational awareness timescales, support risk-based decision
making, and enable reporting of risk reduction activities to regulators and the public. To
do this, PG&E characterizes wildfire risk as:

Risk = Ignition Probability x Wildfire Consequence.

Both the probability (also referred to as likelihood) and the consequence of an ignition
are conditioned, to a degree, on the environmental factors (i.e., sustained wind speeds
and gusts, temperature, vegetation, structures, and topography) experienced by
distribution assets which utilizes the age of the asset, location of the asset, and other
physical characteristics.

To answer the question of where ignition events are likely to occur, we have estimated
fire season ignition probabilities using maximum entropy models (MaxEnt) pioneered in
the modeling of ecological ranges of species. These models are trained on ignition
(outage or initiating event) locations and gridded spatial (raster) environmental and
asset attribute data. The data can draw from a specific time period, but the model itself
is dedicated to spatial, not temporal, patterns. The MaxEnt Model provides relative
scores or, probabilities for fire-season ignitions per “pixel” of input data.

51 PG&E defines voltages below 60 kV as distribution and voltages 60 kV and above as
transmission.
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In order to more accurately assess and define risks, in 2020 PG&E:

1) Replaced the regression equipment ignition likelihood from prior models with the
Equipment Probability of Ignition Model

2) Replaced the regression vegetation ignition likelihood from prior models with the
Vegetation Probability of Ignition Model

By incorporating these models into the WDRM, PG&E was able to:

e Incorporate additional variables in the models, increasing accuracy (tree types, wind
scores, ground cover);

e Model ignitions directly by utilizing the MaxEnt algorithm as compared to modeling
proxies in prior models; and,

e Reduce overfitting by developing training and testing datasets for model
development.

A wide range of input data sets were used in developing both the Vegetation Probability
of Ignition and the Equipment Probability of Ignition Models. Table PG&E-4.3-1
summarizes the data developed to date for use in these models. A more detailed
description of the Vegetation Probability of Ignition and the Equipment Probability of
Ignition Models is provided after Table PG&E-4.3-1.
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TABLE PG&E-4.3-1:
DATA USED TO DEVELOP PROBABILITY OF IGNITION MODELS

Spatial
Data Set Category Source resolution Units Descriptions
100-hour fuels Meteorological gridMET ~4km % Unless otherwise noted, all
data gridMET data aggregated from
2014 to 2016. The dead fuel
moisture data were obtained
from gridMET, and the
“100-hour-fuels” feature was
included in the model. The
exact gridMET variable use is
known as fm-100, and is a
standard fire modeling metric of
fuel dryness for fuels about 1-3”
in diameter - intermediate sized
fuels.
1000-hour fuels | Meteorological gridMET ~4km % fm-1000, as defined above, but
data for 3-8” in diameter.
burn index Meteorological gridMET ~4km The US National Fire Danger
data Rating System (USNFDRS)
Burning Index (Bl)
energy release Meteorological gridMET ~4km USNFDRS Energy Release
data Component (ERC)
precipitation Meteorological gridMET ~4km Mm Daily precipitation average
average data
specific humidity | Meteorological gridMET ~4km ka/kg Specific humidity
data
vapor pressure Meteorological gridMET ~4km kPa Measure how much water is in
deficit avg data the air compared to how much it
could hold at the given
temperature. Vapor Pressure
Deficit drives evapotranspiration
and is the mechanism for fuels
drying out during fire season.
temperature max | Meteorological gridMET ~4km K Average of daily maximum
average data temperature in Kelvin (recall
that it is sensed via satellite)
wind avg Meteorological RTMA ~2.5km m/s Hourly average wind speed at
data 10m, averaged from 2016 to
2018
wind max Meteorological RTMA ~2.5km m/s Annual 99th percentile hourly
data wind speed at 10m assessed
over 2016 to 2018
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TABLE PG&E-4.3-1:

DATA USED TO DEVELOP PROBABILITY OF IGNITION MODELS
(CONTINUED)

Data Set

Category

Source

Spatial
resolution

Units

Descriptions

windy summer
day pct

Meteorological
data

RTMA

~2.5km

The percentage of days with
sustained hourly wind speeds
over 15 mph

gusty summer
day pct

tree height max

Meteorological
data

Tree data

RTMA

Salo
Sciences

~2.5km

100m

The percentage of days with
sustained hourly wind speeds
over 20 mph

Tree height data were obtained
from a third-party vendor, Salo,
and the “tree-height-max”
feature was developed by
calculating the maximum tree
height, in meters, for each
100m x 100m pixel area along
the distribution grid, according
to the processed satellite data
provided by Salo. The satellite
imagery was collected in
November 2019.

tree height
average

Tree data

Salo
Sciences

100m

Same as above but taking the
average tree height for each
pixel.

Impervious

Surface
condition

National
Land Cover
Database
(NLCD)

100m

%

NLCD imperviousness products
represent urban impervious
surfaces as a percentage of
developed surface over every
30-meter pixel in the United
States, scaled to 100m.
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TABLE PG&E-4.3-1:

DATA USED TO DEVELOP PROBABILITY OF IGNITION MODELS
(CONTINUED)

Data Set

Category

Source

Spatial
resolution

Units

Descriptions

Unburnable

Surface
condition

LANDFIRE
2016 Surface
Fuels Model

100m

%

The “un-burnable” feature is a
land surface descriptor similar
to imperviousness that includes
surfaces that typically don’t
ignite when a spark occurs.
The feature was derived from
several land use types within
the 2016 LANDFIRE surface
fuel model (USGS, 2016) and is
the percentage of the 100m x
100m pixel identified as
un-burnable. The land use
types considered “un-burnable”
in the composite spatial layer
include: urban, snow/ice,
agriculture, water, and barren.

local topography

Surface
condition

National
Elevation
Database
(NED)

100m

The relative topography of the
area was also used as a feature
in the model. The topographic
position index (TPI) was
extracted from a USGS NED at
100-meter resolution. The TPI
compares the cell elevation to
the mean elevation for the local
neighboring area (positive
values are above the mean and
negative values are below the
mean) (The Nature
Conservancy).

HFTD

HFTD

CPUC

100m

Categorical variable that is 1 for
non-HFTD locations, 2 for
Tier 2 and 3 for Tier 3.

Age

Asset data

Electric
Distribution
Geographic
Information
System
(EDGIS)
Conductors

100m

The estimated conductor age
(the “estimated-age”) was
calculated as the number of
years since the installation year,
as listed in EDGIS. If the
installation date was missing or
invalid, then the estimated age
in the STAR model dataset was
used
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TABLE PG&E-4.3-1:

DATA USED TO DEVELOP PROBABILITY OF IGNITION MODELS
(CONTINUED)

Data Set

Category

Source

Spatial
resolution

Units

Descriptions

Materials

Asset data

EDGIS
Conductors

100m

The type of conductor material
was split into one-hot encoded
dummy variables, which
identified conductor materials
aluminum (Al), copper (Cu), and
ACSR (“conductor-material-al,”
“conductor-material-cu,” and
“conductor-material-acsr,”
respectively) as binary model
features.

Size

Asset data

EDGIS
Conductors

100m

The conductor size dataset was
split into one-hot encoded
dummy variables, which
identified conductor size #2, #4,
and #6 (“conductor-size-2,”
“conductor-size-4,” and
“conductor-size-6,” respectively)
as binary model features.
Lower numbers correspond with
larger diameters.

Splice count

Asset data

EDGIS
Conductors

100m

Splices were identified from the
splices database table (Emili
Scaief, 2020). In order to
prevent splice locations from
introducing bias to the model,
only the Reliability Program
splice records were used, which
only included spans with more
than three splices per
phase/span.

Coastal indicator

Asset data

EDGIS
Conductors

100m

Coastal areas were identified
using a binary feature in the
model. Coastal areas within
PG&E service territory were
mapped internally in PG&E and
conductors are tagged with a
coastal indicator field in EDGIS.

(c) Equipment Probability of Ignition Model

Ignition likelihood for equipment was determined based on a probability analysis
predicting ignitions in 100m x 100m pixels. The Equipment Probability of Ignition Model
was trained on conductor failure related ignitions limited to fire season events and
CPUC reportable ignitions from 2015 to 2018 and tested using the 2019 ignitions. The
modeling technique used was a maximum entropy (MaxEnt) algorithm. MaxEnt
algorithm provides a way of estimating the relative occurrence rate given a fairly modest
number of ignition locations. The principle of maximum entropy states that the
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probability distribution which best represents the current state of knowledge is the one
with the largest entropy, in the context of precisely stated prior data.

A range of variables were included in the initial modeling. These included meteorology
data, PG&E asset data, and remote sensing data from government and private third
parties. The most important variables for the Equipment Probability of Ignition Model
are identified below in Table PG&E-4.3-2.

TABLE PG&E-4.3-2:
VARIABLES IN EQUIPMENT PROBABILITY OF IGNITION MODEL

Permutation
Variable Importance
Non-burnable area 30.8
Daily precipitation, mean 29.8
Conductor material: ACSR 9.7
Estimated conductor age 8.9
Max tree height 4.3
Reliability Program splice 4.3
Vapor pressure deficit, mean 4.0
Conductor size: 2 3.4
Conductor size: 4 1.6
100-hour fuels, mean 1.1
Max temperature, mean 1.0
Wind speed, mean 0.9
Local topography 0.2
Conductor size: 6 0.1
Conductor material: Al ~0
Conductor material: Cu ~0

Using these variables, a probability of ignition was assigned for each 100m x 100m grid.
These probabilities were indexed and calibrated to the total expected ignition frequency.

Updates to this model are planned on an annual basis as additional equipment types
are modeled. In 2021, Electric Corrective tag data and asset data was used in the
Equipment Probability of Ignition Model and, additional equipment failure models for
poles and transformers. These additional equipment models will combine with an
update to the conductor failure model in the 2022 WDRM v3 to improve the predictive
power of equipment caused ignition probabilities to further enhance the model to better
inform mitigation programs.

(d) Vegetation Probability of Ignition Model

Ignition likelihood for vegetation was determined based on a probability analysis
predicting ignitions in 100m x 100m pixels. As part of the 2021 WDRM v2, the
Vegetation Probability of Ignition Model was trained on CPUC reportable ignitions
during fire seasons from 2015 to 2018 and tested using the 2019 ignitions. This data
set includes all vegetation related outages that resulted in an ignition. The modeling
technique used was a MaxEnt algorithm. The MaxEnt algorithm provides a way of
estimating the relative occurrence rate given a fairly modest number of ignition
locations. The principle of MaxEnt states that the probability distribution which best
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represents the current state of knowledge is the one with the largest entropy, in the
context of precisely stated prior data.

Variables in the initial model included meteorology data, PG&E asset data, and remote
sensing data from government and private third parties. The most important variables
for the Vegetation Probability of Ignition Model are included below in Table PG&E-4.3-3.

TABLE PG&E-4.3-3:
VARIABLES IN VEGETATION PROBABILITY OF IGNITION MODEL

Permutation
Variable Importance
tree-height-max 26.1
100-hour-fuels-avg 241
vapor-pressure-deficit-avg 21.6
gusty-summer-day-pct 6
HFTD 4.2
precipitation-avg 3.1
Impervious 2.8
specific-humidity-avg 24
burn-index-avg 2.3
wind-max 1.9
temperature-avg 1.6
windy-summer-day-pct 1
local-topography 0.8
tree-height-avg 0.8
1000-hour-fuels-avg 0.6
energy-release-avg 04

Using these variables, a probability of ignition was assigned for each 100m x 100m grid.
These probabilities were indexed and calibrated to the total expected ignition frequency.
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4.4 Research Proposals and Findings

Report all utility-sponsored research proposals, findings from ongoing studies and
findings from studies completed in 2020 and 2021 relevant to wildfire and PSPS
mitigations.

441 Research Proposals

Report proposals for future utility-sponsored studies relevant to wildfire and PSPS
mitigation. Organize proposals under the following structure:

1. Purpose of research — Brief summary of context and goals of research

2. Relevant terms — Definitions of relevant terms (e.g., defining “enhanced vegetation
management” for research on EVM)

3. Data elements — Details of data elements used for analysis, including scope and
granularity of data in time and location (i.e., date range, reporting frequency and
spatial granularity for each data element, see example table below).

EXAMPLE TABLE REPORTING DATA ELEMENTS

Collection Collection Spatial Temporal
Data Element Period Frequency Granularity Granularity Comments
Ignitions from contact 2014 — 2021+ | Per ignition Lat/long per | Date, hour of -
with vegetation in (ongoing) ignition ignition
non-enhanced (estimated)
vegetation areas
Ignitions from contact 2019 — 2021+ | Per ignition Lat/long per | Date, hour of -
with vegetation in (ongoing) ignition ignition
enhanced vegetation (estimated)
areas

4. Methodology — Methodology for analysis, including list of analyses to perform;

section must include statistical models, equations, etc. behind analyses.

5. Timeline — Project timeline and reporting frequency to Office of Energy

Infrastructure Safety.

California Polytechnic State University, San Luis Obispo (Cal Poly) WUI Fire

Information, Research, and Education (FIRE) Institute

1. Purpose of Research

The purpose of the Cal Poly FIRE Institute is to make significant contributions to solving
the WUI fire problem through integrated and applied research and education that
innovates, informs policy, disseminates information, and educates students and

professionals.
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In 2021, PG&E partnered with, and advised on the direction of research, and associated
activities by, the FIRE Institute as it works toward the development of solutions for
sustainable fire-resilient communities and safer and more effective fire-preparedness
and response operations through applied research and incorporation of technology.

2. Relevant Terms
No terms used herein require additional definition.
3. Data Elements

There are no specific data elements related to this effort as the initial research
proposals have not been concluded at this time.

4. Methodology
None currently, as this research partnership is in its beginning phase.
5. Timeline

Activities in 2021 included an open introductory seminar to engage stakeholders

(e.g., private sector, utilities, government, regulatory bodies, academia), definition of
areas of mutual research interest, discussion of initial research proposals, and planning
for the in-person symposium in 2022 (postponed from 2021 due to COVID-19
restrictions).

As work progresses, we will continue to report on our advisory role to the FIRE Institute,
PG&E-relevant research direction and initiatives, as well as PG&E WMP-relevant
results from this research collaboration.
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44.2 Research Findings

Report findings from ongoing and completed studies relevant to wildfire and PSPS
mitigation. Organize findings reports under the following structure:

1. Purpose of research — Brief summary of context and goals of research

2. Relevant terms — Definitions of relevant terms (e.g., defining “enhanced vegetation
management” for research on EVM)

3. Data elements — Details of data elements used for analysis, including scope and
granularity of data in time and location (i.e., date range, reporting frequency and
spatial granularity for each data element, see example table above)

4. Methodology — Methodology for analysis, including list of analyses to perform;
section must include statistical models, equations, etc. behind analyses

5. Timeline — Project timeline and reporting frequency to the Office of Energy
Infrastructure Safety. Include any changes to timeline since last update

6. Results and discussion — Findings and discussion based on findings, highlighting
new results and changes to conclusions since last update

7. Follow-up planned — Follow up research or action planned as a result of the
research

San Jose State University (SJSU) — Climatological Analysis

1. Purpose of Research

The purpose of the research is to better understand wildland fire behavior by studying
fire-atmospheric interactions through partnership with the SJISU Fire Weather Research
Lab. SJSU has established the largest academic Wildfire Interdisciplinary Research
Center in the United States with five new tenure-track faculty members. SJSU will help
PG&E analyze our 30-year 2 km x 2 km WRF model climatology to better understand
the fire weather conditions associated with extreme wildfire and PSPS events. The
analyses will be conducted by two tenure-track faculty, one post-doctoral scholar, and
two graduate students.

2. Relevant Terms

No terms require additional definition.
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3. Data Elements

TABLE PG&E-4.4-1:
DATA ELEMENTS
(SAN JOSE STATE UNIVERSITY - CLIMATOLOGICAL ANALYSIS)

Collection Collection Spatial Temporal
Data Element Period Frequency Granularity Granularity Comments

PG&E 30-year 1990-2020 Modeled 2km x 2km Hourly Data

downscaled (modeled) hourly grid through the

climatology weather data climatology

PG&E Fire 2003-2020 N/A N/A N/A Dataset of fire

Occurrence Dataset ignitions in PG&E

territory gathered from

multiple sources.

4. Methodology

a) Conduct analyses using PG&E’s new 30-year climatology of 2 kilometer, hourly,
WRF model output.

e This data shall allow for robust analyses on critical fire weather conditions
using a combination of high spatiotemporal resolution and long duration
data to investigate the following combined with fire occurrence datasets:

- Climatology and decadal trends in fire weather and Diablo Wind events,
or other Foehn wind events (type, intensity, duration, etc.);

— A Diablo Wind metric shall be created and used to understand the
climatology of events;

- This metric shall be used to rank all Diablo Wind Events across the
30-year history based on strength, geographic extent, and duration; and

- Using PG&E'’s proprietary and public fire occurrence datasets to
evaluate numerous fire weather indices to help determine which index
is best correlated to daily fire growth.

b) Generation of grid point distributions, percentile data maps from the climatology
data.

e Map visualizations to be generated: 90th, 95th, 99th and Maximum
(minimum) maps of:

- Wind Speed;
- Wind Gust;

-~ Temperature;
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- Relative humidity (minimum);

—  Dewpoint depression (minimum);
- Precipitation; and

- Diablo Fire Weather Index.

« Grid point specific distributions shall be used by PG&E to put the forecast in
perspective with the historical data.

c) Covariation of fire weather mesoscale circulation patterns with the synoptic
patterns and known modes of climate variability.

d) High-resolution trends in existing fire-weather indices and local fire season
duration to help determine annual average start and end time of fire season.

e) SJSU will interact regularly with the PG&E Meteorological staff and will provide
regular online meetings on research progress.

f) SJSU shall conduct the proposed analyses and publish the results in
peer-reviewed journals.

5. Timeline

The research project is ongoing. Timeline for preliminary results is scheduled for 2022.
6. Results and discussion

There are no results at this time, as the research is ongoing.

7. Follow-up planned

Any follow-up would be planned after review of the research results.

Review of Dynamically Downscaled Climate Projections for the Pacific Gas and
Electric Service Area

1. Purpose of Research

Climate model projections can help quantify future impacts from climate change.
However, some modeling approaches are limited in their ability to resolve the small
spatial and time scales over which climate impacts occur. To address this, high spatial
and temporal resolution dynamically downscaled WRF simulations were developed for
the PG&E service area using boundary conditions from three Global Climate Models.
These dynamically downscaled simulations resolved projected changes through
mid-century for a suite of climate variables relevant to operational planning and
risk-based decision-making, including extreme windspeeds, 925 hectopascal (hPa)
winds, the frequency of diablo wind events, soil moisture, and the frequency of
precipitation days.

-100-



2. Relevant Terms

e Hectopascal — The international unit for measuring atmospheric or barometric
pressure.

o Relative Concentration Pathway (RCP) — A greenhouse gas concentration pathway
adopted by the Intergovernmental Panel on Climate Change to describe different
climate futures.

3. Data Elements

TABLE PG&E-4.4-2:
DATA ELEMENTS
(REVIEW OF DYNAMICALLY DOWNSCALED CLIMATE PROJECTIONS FOR THE PACIFIC GAS
AND ELECTRIC SERVICE AREA)

Collection Collection Spatial Temporal
Data Element Period Frequency Granularity Granularity Comments
Extreme windspeeds | 1995-2004, N/A 12km 10 years
2045-2054

925 hPa winds

Frequency and
location of Diablo
wind events

Soil moisture

Precipitation Days

4. Methodology

To develop high space and time resolution dynamically downscaled climate model
simulations for a suite of climate variables relevant to PG&E’s operational planning and
risk-based decision-making, Argonne used 12-km, dynamically downscaled WRF
simulations (WRF, Model V3.3.1) to develop projections for several climate variables of
interest. Projections focus on the ten-year period surrounding mid-century (i.e.,
2045-2054) relative to a ten-year historical baseline period (i.e., 1995-2004), and
consider RCP 8.5, which assumes global greenhouse gas concentrations continue to
rise largely unabated throughout the 21st century. The projected climate variables
include (1) extreme surface wind speeds; (2) 925 hPa wind directions; (3) frequency of
Diablo wind events; (4) 500 hPa heights; (5) root zone soil moisture; and (6) annual
precipitation days.

5. Timeline
The research was completed in 2021.
6. Results and discussion

Results show large variabilities for future environmental and atmospheric variables,
implying high uncertainty regarding the specifics of future wildfire-relevant
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conditions. As such it is difficult to reach overarching conclusions concerning projected
changes in Diablo wind events and wildfire risk. We therefore currently do not
recommend the results of this research be quantitatively incorporated into risk modeling
or other planning efforts.

7. Follow-up planned

No direct follow-up is planned at this time given the lack of conclusive agreement
between projections generated by the study models. PG&E may revisit this topic in
coming years once the next generation of Coupled Model Intercomparison Projections
data becomes widely available.

Electrical Assets Probabilistic Risk Assessment Model

1. Purpose of Research

PG&E has partnered with the B. John Garrick Institute for the Risk Sciences at the
University of California Los Angeles (UCLA) to leverage the rigorous modeling used in
the nuclear industry to perform thorough and complex wildfire risk assessments and
management planning. At the Diablo Canyon Nuclear Power Plant, PG&E has used a
probabilistic risk assessment model for over 30 years. The model is constantly updated
with current plant design and state-of-the-art analysis methodologies, where data from
30 years of industry and plant specific experience is used to model component reliability
and unavailability. The model can perform quantitative assessment of risks from a
multitude of complex factors, including internal plant failures, seismic events, fire, and
flooding. Each model element has been independently reviewed by industry peer
review teams and the results have been audited on numerous occasions by the Nuclear
Regulatory Commission, and the model is capable of quantitatively risk-ranking over
3,000 individual system components including the transmission lines that supply Diablo
Canyon with offsite power. Using the know-how with this model used at the Diablo
Canyon Nuclear Power Plant, PG&E is working with risk experts at UCLA to develop a
similar model for wildfire risks for our electrical assets within HFTD areas. This risk
model is in an exploratory phase at this point and could potentially in the future have
value to each of the initiatives directed at reducing potential ignitions, reducing ignition
consequence, reducing the frequency of outages, reducing the duration of outages, and
reducing the impact of outages.

2. Relevant Terms
No terms require additional definition.
3. Data Elements

The Probabilistic Risk Assessment model is a decision framework that utilizes the Data
Elements of the models described in Section 4.5.1.

4. Methodology

The model performs a quantitative assessment of risks from a multitude of complex
factors related to wildfire risks for our electrical assets within HFTD areas and is based
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upon the know-how developed for modeling risk factors at the Diablo Canyon Nuclear
Power Plant.

5. Timeline

The draft Probabilistic Risk Assessment reference planning model was completed in
2021, and the model was compared to other risk models that were used for decision
making during the 2021 fire season. In 2022 the model will continue to be tested and
calibrated. As this is exploratory research it is too early to determine a precise timeline
as testing and calibration is ongoing.

Wildfire Mitigation Open Innovation Challenge

1. Purpose of Research

PG&E initiated an “Open Innovation Challenge” to identify novel technologies that could
potentially reduce PG&E-caused wildfire risk. The search for innovations was global in
reach and went beyond the electric utility industry technology sector. PG&E aimed to
identify one or more promising innovative technologies for use in a pilot project.

2. Relevant Terms

No terms require additional definition.

3. Data Elements

No specific data elements for analysis are available.
4. Methodology

The open innovation challenge process started with a definition of problem statements,
instead of pre-supposing potential solutions. These problem statements were created
following a series of interviews conducted with internal and external subject matter
experts on areas where innovations could potentially provide the greatest ignition risk
reduction. The set of problem statements described the problem areas that PG&E
would like solved or improved upon, without specifying any technology or techniques to
solve the problems. As a result of this process, PG&E narrowed our focus for this
challenge to the following four areas:

A. Advancement of the state-of-the-art for “monitor & mitigate” technologies for
real-time detection of faults and prevention of arcing, sparking, and other ignition
events along transmission and distribution infrastructure;

B. Alternatives to current undergrounding methods, including level-grounding;
C. Reducing labor required for vegetation management; and
D. Innovative heat-resistant materials.

Using these problem statements, PG&E solicited innovators, entrepreneurs, and
startups to request that they apply if they have solutions for the defined problems.
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The solicitation was made through two methods: a research community network-driven
effort and an automated computer programmed Internet search method. For the
research community network-driven method, PG&E reached out through known
innovation networks, academic research partners, and other technology knowledge
experts. For the automated computer method, a programmed Internet search parsed
technical journals, professional sites, startups sites, patent databases, and other
publications across industries and disciplines to identify authors, institutes, and
companies with relevant ideas or expertise. After compiling the potentially relevant
resources, PG&E created a ranked list of the top innovators in each challenge area for
further solicitation including for referrals and submission of an application to this
challenge. The resulting proposals were then vetted, and finalists selected.

5. Timeline

In December 2020, PG&E announced this open innovation challenge, published the
problem statements described in the Methodology section above, and set a submission
deadline in early 2021. The solicitation and innovator communication phase followed,
concluding with the ranking and final selection phase for each of the challenge areas.
For the remaining two finalists, the process has been ongoing throughout 2021.

6. Results and discussion

Below is a description of the seven finalists, the first two of which PG&E continues to
pursue for pilots:

a. Smart Conductor

PG&E continues to pursue a pilot with this finalist for both distribution and transmission
applications and continues to perform due diligence inside of PG&E as well as to
benchmark with other North American electric utilities. The reasons for the continued
interest include the potential for: (a) a distribution system hardening speed improvement
by avoiding a rebuild as may be required with conventional re-conductoring practices;
and (b) the ability to monitor the condition of the conductor for incipient fault or failure
conditions end-to-end via an embedded fiber optic core.

b. Pole-mounted Multi-Sensor for Predictive and Real-Time Failure Reporting

PG&E continues to pursue a pilot with this finalist for its novel ability to provide both
predictive failure analysis as well as real-time reporting of various of pole and
pole-adjacent equipment (crossarms, guys, transformers, capacitor banks, conductors,
etc.) failures that can lead to ignition.

c. Aerial and Fixed-Sensor Based Asset Predictive Maintenance, Veqetation Grow-in,
and Dynamic Line Rating System

Upon further evaluation, this finalist was eliminated due to significant overlap of the
proposed set of capabilities with other PG&E initiatives.
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d. 3D Printing of Level-Grounding or Underqground Assets

Upon further evaluation, this finalist was eliminated due to the immaturity and capability
gaps of the proposed technology set as well as the acknowledgment that solving other
problems that hinder improvement of undergrounding speed and cost would be of
greater benefit. However, PG&E continues to communicate with this startup and is
supportive of this startup’s innovation as it may apply to undergrounding initiatives.

e. Protection Sensitivity Enhancer for Four-Wire Distribution

After the original analysis, the use case was refined to focus on enabling increased
sensitivity of existing protection equipment on four wire distribution systems in HFTDs.
Following a series of discussions with the company and third-party electrical
engineering consultants, it was determined that the technology, and the operational
integration of it, was not on a path to being able to allow meaningfully higher levels of
circuit protection on four-wire distribution systems using the scheme consistently
throughout the distribution system.

f.  Ultrafast Breaker

The primary reason that PG&E ended the evaluation of this early-stage technology was
that reducing breaker time will reduce fault current energy but will not change the relay
time (which is more significant than breaker time) so the effectiveness at lowering the
ignition risk potential was limited after further consideration of the operational context.

g. Satellite-Based Vegetation Analytics

This finalist is not being pursued further at this time as PG&E is evaluating the efficacy
of satellite-based vegetation analytics through a different vendor and initiative.

7. Follow-up planned

For the two remaining finalists, an update will be provided in this section in the 2023
WMP.

Targeted Tree Species Study

1. Purpose of Research

The purpose of PG&E’s Targeted Tree Species Study is to identify species that are
more likely to fail near PG&E facilities, thereby creating potential wildfire ignitions.
PG&E will use the information obtained through the study to evaluate the performance
of the species risk rating component of our Tree Assessment Tool (TAT). The study
involves an analysis of tree mortality rates related to precipitation. PG&E will also use
the information obtained through the study to evaluate our scheduling for patrol cycles
as part of our vegetation management responsibilities.
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2. Relevant Terms

Species Risk — What a particular tree species (in isolation of everything else) tells
you about the likelihood of the tree failing or the likelihood of its failure relative to its
frequency in the population.

Tree Assessment Tool or TAT — Tool that evaluates an individual tree’s likelihood of
failing and supplies instruction of whether to abate or not abate the tree.

Patrol Cycle — The span of time between inspections.

3. Data Elements

TABLE PG&E-4.4-3:

DATA ELEMENTS
(TARGETED TREE SPECIES STUDY)

Collection Collection Spatial Temporal
Data Element Period Frequency Granularity Granularity Comments
Ignitions from contact | 2008-2020+ Per ignition Circuit and/or | Date
with vegetation (ongoing) Regional
level
Outages from contact | 2008-2020+ Per outage Circuit and/or | Date
with vegetation (ongoing) Regional
level
Trees assessed by March 2020+ | Per tree Lat/Long per | Date
TAT (ongoing) basis tree
Routine tree records | 2013-2020+ Per tree Lat/Long per | Date
(ongoing) basis tree (where
available)
Windspeed data 2006-2008 Average of Date
daily
maximum
Evapotranspiration January 2007 Date
Data provided by —June 2021
Vendor
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4. Methodology

A. The vendor will identify the appropriate external data sources to study in conjunction
with internal data provided by PG&E to develop and execute a targeted tree species
study to quantify failure risk by species and region.

B. The vendor will study tree mortality rates in conjunction with precipitation levels to
evaluate patrol cycles within our service territory.

C. The vendor will develop a working knowledge of the TAT and the species risk rating
component currently in use.

D. The vendor will evaluate the species risk component of the TAT currently in use for
effectiveness, using available external data sources and data provided by PG&E.

E. The vendor will evaluate the weighting of the risk component of the TAT using data
provided by PG&E.

F. The vendor will help set up a system for continuous monitoring of TAT for ongoing
evaluation.

5. Timeline

The research is planned to be complete in Q2 2022. PG&E plans to report on the
status of this research in the next annual update.

6. Results and discussion

The vendor was onboarded in April 2021 and initial data acquisition was completed
June 2021. Dataset summary statistics were delivered by the vendor in September
2021, with reports, quantifiable and environmental analyses, peer reviews, and a final
analysis and report expected to complete in Q1 2022.

7. Follow-up planned
Any follow-up would be planned after review of the research results.

Independent, External Review of 2021 Proposed Modifications to PG&E’s HFRA
Map by the B. John Garrick Institute for Risk Sciences at UCLA (GIRSRT)

1. Purpose of Research

The GIRSRT provided an independent, external review of 2021 proposed modifications
to PG&E’s HFRA Map. The HFRA map makes incremental changes to the HFTD map
by adding regions where the risk of utility triggered catastrophic wildfire from an offshore
wind event is high and removing regions where it is not.
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Relevant Terms

High Fire Risk Area — Mapping terminology that aligns with other California utilities’
use of maps supplemental to the HFTD Map. While the HFTD is a foundational tool
to identify areas of elevated or extreme wildfire risk for utilities, it was not developed
at the electric asset level and is not operationally informed for PSPS program
scoping and execution. HFRA refinements may also serve to inform future
adjustments or recommendations to improve the HFTD map.

Aspect — The direction the slope faces (north, east, south, west). The aspect
determines the effect of solar heating, air temperature, and moisture. In the
Northern Hemisphere, south facing slopes receive more solar heating which results
in lower humidity, rapid moisture loss, and lighter fuels such as grasses. Seasonal
directions of solar heating should be taken into consideration when analyzing a
slope’s aspect.

Slope — A ratio of rise over run. Another way to think of slope is height over
distance expressed as a percentage. Slopes can range from slight to steep but the
influence on wildland fire is substantial. The steeper the slope the faster a fire
moves uphill. Flames are closer to the fuel source, radiation heat increases the
dehydration and preheats the vegetation, resulting in ignition sooner than on a slight
slope or level ground.

Land Use — Evaluation of modification and maintenance activities to the natural
wildland landscape. Land use can change probability of fire ignition and fire
behavior.

Fuel Loading — Fuel loading is reported in tons of fuel available per acre. The
higher the fuel loading, the more heat that will be produced during a fire.

Fuel Position — Fuel position is based on relation to the ground. It can be defined
by three types of fuels: subsurface fuels, surface fuels, and aerial fuels.

Fuel Continuity — The horizontal and vertical spacing of fuels. These are often
referred to as continuous fuels or patchy fuels. The rate and direction of the fire is
predictable with continuous fuels. Patchy fuels are difficult to calculate because the
radiant heat may not be able to ignite the source.
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3. Data Elements

TABLE PG&E-4.4-4:

DATA ELEMENTS

FOR EXTERNAL REVIEW OF THE PROPOSED 2021 HFRA MAP

Data
Element

Collection
Period

Collection
Frequency

Spatial
Granularity

Temporal
Granularity

Comments

Aerial
imagery

Varied

Varied

Varied

Varied

Utilization of readily
available and current
satellite imagery from
Google Earth and ESRI
to inform land use, fuels,
and terrain at variable
scale to inform wildfire
ignition risks and
potential fire behavior.

Topographic
map layers

Varied

Varied

Varied

N/A

Utilized to evaluate the
slope of the terrain in and
adjacent to areas of the
HFRA to inform potential
for fire spread.

Fire
perimeter
history

Annual
Ongoing
MTBS and
GeoMAC

Ongoing

Varied

Varied

Utilization of fire
perimeter data to
evaluate fire
frequency/regimes, fire
spread patterns and
effectiveness of historical
suppression efforts.

Fire spread
modeling

N/A

Varied

N/A

Varied

The use of computational
fire spread modeling to
inform or support
recommendations based
on qualitative local
knowledge and other
analysis.

Qualitative
historical
local
knowledge

N/A

N/A

N/A

N/A

Experience-based inputs
an